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PREFACE 


A study of crew appliances for advanced spacecraft is being performed for 
NASA JSC by the Boeing Aerospace Company under Contract NAS 9-13965. A 
large number of appliance concepts for the galley, personal hygiene, 
housekeeping, and other areas have been investigated for application to 
the Shuttle Orbiter and Modular Space Station missions. This document 
presents the background to and results of trade studies to determine the 
optimum appliance systems for these two vehicles. 

An index file containing abstracts for 299 appliance-related documents 
was developed during the initial literature search for this study. The 
original file will be delivered to and retained by NASA. 


Due to the large volume of library references and appliance engineering 
data used for the trade studies, it was necessary to present the supporting 
information to the concept report in separate appendices as follows; 

APPENDIX A - In this appendix, the complete bibliography used for the 

appliance study is listed in three forms: numbered, alpha- 

betized, and sorted by subject matter. 

APPENDIX B - This appendix contains the supporting engineering data 
used for all appliance concepts considered for Shuttle 
Orbiter, including plotted and tabulated trade study 
results for each appliance function. 
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APPENDIX C - This appendix contains the supporting engineering data used 
for all appliance concepts considered for Modular Space 
Station, including plotted and tabulated trade study results 
for each appliance function. 
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ABSTRACT 



A review of crew appliance related literature was made to provide background 
engineering information for development of conceptual appliance systems for 
the Shuttle Orbiter and the Modular Space Station. From this review, a file 
containing abstracts of 299 appliance-related documents coded according to 
subject was developed along with a computerized bibliography of 682 refer- 
ences. Trade studies were conducted using information from these references 
to determine the optimum concepts to satisfy the Shuttle and Space Station 
mission requirements. An appliance system was devised for each vehicle 
which has minimum impact to the respective environmental control system (ECS) 
with the smallest possible weight, volume, and electrical penalty. Engi- 
neering parameters for each appliance concept considered are presented along 
with the total thermal and electrical loads and weight and volume penalties 
for each of the optimized appliance systems. 



KEY WORDS 


Clothes Washer 
Crew Appliances 
Dishwasher 
Food Management 
Modular Space Station 
Off-Duty Activities 


Personal Hygiene 
Refuse Management 
Shower 

Shuttle Orbiter 

Spacecraft Environmental Control 
Waste Collection 


iv 


D2-118561-1 


TABLE OF CONTENTS 

SECTION PAGE 

VOLUME I OF V 

REVISIONS i 

PREFACE i1 

ABSTRACT AND KEY WORDS iv 

TABLE OF CONTENTS v 

ILLUSTRATIONS AND TABLES viii 

1.0 INTRODUCTION. 1-1 

2.0 SUMMARY 2-1 

3.0 APPLIANCE CONCEPT FUNCTION DESCRIPTION 3-1 

3.1 MISSION BASELINE DESCRIPTION 3-1 

3.2 APPLIANCE SYSTEM DESCRIPTION. . 3-7 

3.3 APPLIANCE CONCEPT FUNCTION MATRIX 3-12 

4.0 VEHICLE CREW APPLIANCE REQUIREMENTS 4-1 

4.1 SHUTTLE CREW APPLIANCE REQUIREMENTS 4-1 

4.1.1 Shuttle Food Management Subsystem Requirements 4-3 

4.1.2 Shuttle Personal Hygiene Subsystem Requirements .... 4-5 

4.1.3 Shuttle Housekeeping Subsystem Requirements 4-8 

4.1.4 Shuttle Off-Duty Subsystem Requirements , . 4-10 

4.2 SPACE STATION CREW APPLIANCE REQUIREMENTS 4-10 

4.2.1 Space Station Food Management Subsystem Requirements. . 4-12 

4.2.2 Space Station Personal Hygiene Subsystem Requirements . 4-16 

4.2.3 Space Station Housekeeping Subsystem Requirements . . . 4-18 

4.2.4 Space Station Off-Duty Subsystem Requirements 4-20 

5.0 WEIGHTED TRADE STUDY. ...... 5-1 

5.1 WEIGHTING DISTRIBUTION RATIONALE 5-1 

5.2 APPLIANCE CONCEPT SELECTION RATIONALE 5-5 

5.2.1 Development Cost 5-5 

5.2.2 Reliability, Maintenance, and Safety 5-6 

5.2.3 Weight 5-13 

5.2.4 Power and Thermal .5-13 

5.2.5 Volume 5-15 

5.2.6 Recurring Cost 5-15 

5.3 APPLIANCE CONCEPT TRADE PROGRAM DESCRIPTION 5-15 

6.0 CREW APPLIANCE SYSTEM OPTIMIZATION 6-1 

6.1 SHUTTLE APPLIANCE SYSTEM OPTIMIZATION 6-2 

6.1.1 Shuttle Optimized Food Management Subsystem 6-2 

6.1.2 Shuttle Optimized Personal Hygiene Subsystem 6-6 

6.1.3 Shuttle Optimized Housekeeping Subsystem. .' 6-8 

6.1.4 Shuttle Optimized Off-Duty Activities Subsystem .... 6-13 

6.1.5 Shuttle Optimized Appliance System 6-13 

6,2 SPACE STATION APPLIANCE SYSTEM OPTIMIZATION . 6-17 

6.2.1 Space Station Optimized Food Management Subsystem . . . 6-18 

6.2.2 Space Station Optimized Personal Hygiene Subsystem. . . 6-21 

6.2.3 Space Station Optimized Housekeeping Subsystem 6-23 

6.2.4 Space Station Optimized Off-Duty Activities Subsystem . 6-28 

6.2.5 Space Station Optimized Appliance System 6-28 


V 


D2-118561-1 


TABLE OF CONTENTS (Continued) 

SECTION PAGE 


VOLUME I OF V (Continued) 

APPENDIX A - BIBLIOGRAPHY 

ILLUSTRATIONS AND TABLE A-ii 

1.0 INTRODUCTION Al-1 

2.0 REFERENCE INFORMATION STORAGE A2-1 

3.0 REFERENCE INFORMATION SORT/RETRIEVAL A3-1 

4.0 PART I-NUMERICAL REFERENCE LISTING A4-1 

5.0 PART 1 1 -ALPHABETICAL REFERENCE LISTING A5-1 

6.0 PART III-REFERENCES SORTED BY FILING INDEX A6-1 

VOLUME II OF V 

APPENDIX B - SHUTTLE ORBITER APPLIANCES SUPPORTING 
ENGINEERING DATA 

PREFACE B-ii 

TABLE OF CONTENTS B-iv 

ILLUSTRATIONS AND TABLES. B-vii 

1.0 INTRODUCTION Bl-1 

2.0 TECHNICAL DATA 

1.0 FOOD MANAGEMENT B2-1 

1.1 FOOD STORAGE B2-4 

1.2 FOOD PREPARATION B2-46 

1.3 GALLEY CLEANUP B2-61 

2.0 PERSONAL HYGIENE B2-123 

2.1 WASTE COLLECTION/TRANSFER B2-124 

2.2 BODY CLEANSING B2-196 

2.3 PERSONAL GROOMING . B2-253 

VOLUME III OF V 

APPENDIX B (Continued) - SHUTTLE ORBITER APPLIANCES SUPPORTING 

ENGINEERING DATA 

TABLE OF CONTENTS B-ii 

ILLUSTRATIONS AND TABLES B-v 

2.0 TECHNICAL DATA (Continued) 

3.0 HOUSEKEEPING B2-310 

3.1 EQUIPMENT CLEANING. B2-311 

3.2 REFUSE MANAGEMENT B2-354 

3.3 GARMENT/LINEN MAINTENANCE . B2-445 

4.0 OFF-DUTY ACTIVITIES B2-550 

4.1 ENTERTAINMENT B2-551 

4.2 PHYSICAL CONDITIONING B2-585 

5.0 MEDICAL B2-593 

5.1 STERILIZATION B2-594 

5.2 PHYSICAL MONITORING . B2-609 



D2-118561-1 


TABLE OF CONTENTS (Concluded) 

SECTION PAGE 


VOLUME IV OF V 

APPENDIX C - SPACE STATION APPLIANCES ENGINEERING DATA 

PREFACE C-ii 

TABLE OF CONTENTS C-iv 

ILLUSTRATIONS AND TABLES C-vii 

1.0 INTRODUCTION Cl-1 

2.0 TECHNICAL DATA 

1.0 FOOD MANAGEMENT C2-1 

1.1 FOOD STORAGE C2-4 

1.2 FOOD PREPARATION. C2-51 

1.3 GALLEY CLEANUP. C2-68 

2.0 PERSONAL HYGIENE C2-135 

2.1 WASTE COLLECTION/TRANSFER C2-136 

2.2 BODY CLEANSING C2-215 

2.3 PERSONAL GROOMING . . . C2-278 

VOLUME V OF V 

APPENDIX C (Continued) - SPACE STATION APPLIANCES 

ENGINEERING DATA 

TABLE OF CONTENTS C-ii 

ILLUSTRATIONS AND TABLES C-v 

2.0 TECHNICAL DATA (Continued) 

3.0 HOUSEKEEPING . . . C2-351 

3.1 EQUIPMENT CLEANING. . . C2-352 

3.2 REFUSE MANAGEMENT C2-397 

3.3 GARMENT/LINEN MAINTENANCE - . C2-495 

4.0 OFF-DUTY ACTIVITIES. . C2-607 

4.1 ENTERTAINMENT C2-608 

4.2 PHYSICAL CONDITIONING C2-642 

5.0 MEDICAL C2-650 

5.1 STERILIZATION C2-651 

5.2 PHYSICAL MONITORING C2-669 


D2-118561-1 


ILLUSTRATIONS 

FIGURE PAGE 


1-1 Crew Appliance System Organization 1-3 

3-1 Shuttle Baseline Mission 3-2 

3-2 Space Station Baseline Mission 3-3 

3-3 Shuttle Orbiter Timeline 3-4 

3-4 Space Station Timeline 3-5 

3-5 Crew Habitability and Appliance Functions 3-8 

and Concepts 

5-1 Clothes Washer Trade Study 5-3 

5-2 Appl iance Concept Component Summary Matrix 5-8 

5-3 Component Failure Rate and Repair Times 5-9 

5-4 Example of Tabulated Trade Results and 5-17 

Sensitivity Analysis 

5-5 Ambient Food Storage (Shuttle) Concept Trade 5-19 

5-6 Refrigerated Food Storage (Shuttle) Concept Trade 5-20 

5-7 Frozen Food Storage (Shuttle) Concept Trade 5-21 

5-8 Food Warming (Shuttle) Concept Trade 5-22 

5-9 Dishwasher/Dryer Combination (Shuttle) Concept Trade 5-23 

5-10 Dishwasher/Dryer Combination with Dishes 5-24 

(Shuttle) Concept Trade 

5-11 Feces Collection/Transfer (Shuttle) Concept Trade 5-25 

5-12 Urine Collection/Transfer (Shuttle) Concept Trade 5-26 

5-13 Vomitus Collection/Transfer (Shuttle) Concept Trade 5-27 

5-14 Whole Body Shower (Shuttle) Concept Trade 5-28 

5-15 Partial Body Washing (Shuttle) Concept Trade 5-29 

5-16 Partial Body Drying (Shuttle) Concept Trade 5-30 

5-17 Shaving (Shuttle) Concept Trade 5-31 

5-18 Hair Cutting (Shuttle) Concept Trade 5-32 • 

5-19 Dental (Shuttle) Concept Trade 5-33 

5-20 Surface Wiping (Shuttle) Concept Trade 5-34 

5-21 Manual Refuse Collection (Shuttle) Concept Trade 5-35 

5-22 Vacuum Refuse Collection (Shuttle) Concept Trade 5-36 

5-23 Refuse Processing (Shuttle) Concept Trade 5-37 

5-24 Refuse Disposal (Shuttle) Concept Trade 5-38 

5-25 Garment/Linen Washing (Shuttle) Concept Trade 5-39 

5-26 Garment/Linen Drying (Shuttle) Concept Trade 5-40 

5-27 Garment/Li n^ W^her/Dryer-Disposable Clothes 5-41 

(Shuttle) Concept Trade 

5-28 Autoclaves (Shuttle) Concept Trade 5-42 

5-29 Ambient Food Storage (Space Station) Concept Trade 5-43 

5-30 Refrigerated Food Storage (Space Station) 5-44 

Concept Trade 

5-31 Frozen Food Storage (Space Station) Concept Trade 5-45 

5-32 Food Warming (Space Station) Concept Trade 5-46 

5-33 Dishwasher/Dryer Combination (Space Station) 5-47 

Concept Trade 

5-34 Dishwasher/Dryer with Dishes (Space Station) 5-48 

Concept Trade 


viii 


D2-118561-1 


FIGURE 

5-35 

5-36 

5-37 

5-38 

5-39 

5-40 

5-41 

5-42 

5-43 

5-44 

5-45 

5-46 

5-47 

5-48 

5-49 

5-50 

5-51 

5-52 

5- 53 

6 - 1 
6-2 


2-1 

2-2 

3-1 

3-2 

3-3 

3-4 

3-5 

3-6 

3-7 

3-8 

3-9 

3-10 


ILLUSTRATIONS (Continued) 


Feces Collection/Transfer (Space Station) 

Concept Trade 

Urine Collection/Transfer (Space Station) 

Concept Trade 

Vomitus (Space Station) Concept Trade 
Whole Body Shower (Space Station) Concept Trade 
Partial Body Washing (Space Station) Concept Trade 
Partial Body Drying (Space Station) Concept Trade 
Shaving (Space Station; Concept Trade 
Hair Cutting (Space Station) Concept Trade 
Nail Care (Space Station) Concept Trade 
Dental (Space Station) Concept Trade 
Surface Wiping (Space Station) Concept Trade 
Manual Refuse Collection (Space Station) Concept Trade 
Vacuum Refuse Collection (Space Station) Concept Trade 
Refuse Processing (Space Station) Concept Trade 
Refuse Disposal (Space Station) Concept Trade 
Garment/Linen Washing (Space Station) Concept Trade 
Garment/Linen Drying (Space Station) Concept Trade 
Garment/Linen Washer/Dryer-Disposable Clothes 
(Space Station) Concept Trade 
Autoclaves (Space Station) Concept Trade 
Selected Shuttle Appliance Concepts 
Selected Space Station Appliance Concepts 


TABLES 

SUMMARY OF SHUTTLE CREW APPLIANCE CONCEPT SELECTION 
SUMMARY OF SPACE STATION CREW APPLIANCE 
CONCEPT SELECTION 

AMBIENT FOOD STORAGE (SHUTTLE) FUNCTION MATRIX 
REFRIGERATED FOOD STORAGE (SHUTTLE) FUNCTION MATRIX 
FROZEN FOOD STORAGE (SHUTTLE) FUNCTION MATRIX 
FOOD WARMING (SHUTTLE) FUNCTION MATRIX 
DISHWASHER/DRYER COMBINATION (SHUTTLE) FUNCTION 
MATRIX 

OISHWASHER/DRYER WITH DISPOSABLES (SHUTTLE) 

FUNCTION MATRIX 

FECES COLLECTION/TRANSFER (SHUTTLE) FUNCTION MATRIX 
URINE COLLECTION/TRANSFER (SHUTTLE) FUNCTION MATRIX 
VOMITUS COLLECTION/TRANSFER (SHUTTLE) FUNCTION MATRIX 
WHOLE BODY SHOWER (SHUTTLE) FUNCTION MATRIX 


ix 


PAGE 

5-49 

5-50 

5-51 

5-52 

5-53 

5-54 

5-55 

5-56 

5-57 

5-58 

5-59 

5-60 

5-61 

5-62 

5-63 

5-64 

5-65 

5-66 

5- 67 

6 - 2.1 
6-17.1 


2-3 

2- 4 

3- 14 
3-15 
3-16 
3-17 
3-18 

3-20 

3-22 

3-24 

3-25 

3-26 


D2-118561-1 


TABLES (Continued) 

NUMBER PAGE ■ 


3-11 PARTIAL BODY WASHING (SHUTTLE) FUNCTION MATRIX 3-27 

3-12 PARTIAL BODY DRYING (SHUTTLE) FUNCTION MATRIX 3-28 

3-13 SHAVING (SHUTTLE) FUNCTION MATRIX 3-29 

3-14 HAIR CUTTING (SHUTTLE) FUNCTION MATRIX 3-30 

3-15 DENTAL (SHUTTLE) FUNCTION MATRIX 3-31 

3-16 SURFACE WIPING (SHUTTLE) FUNCTION MATRIX 3-32 

3-17 MANUAL REFUSE COLLECTION (SHUTTLE) FUNCTION MATRIX 3-34 

3-18 VACUUM REFUSE COLLECTION (SHUTTLE) FUNCTION MATRIX 3-35 

3-19 REFUSE PROCESSING (SHUTTLE) FUNCTION MATRIX 3-36 

3-20 REFUSE DISPOSAL (SHUTTLE) FUNCTION MATRIX 3-38 

3-21 GARMENT/LINEN WASHING (SHUTTLE) FUNCTION MATRIX 3-39 

3-22 GARMENT/LINEN DRYING (SHUTTLE) FUNCTION MATRIX 3-41 

3-23 GARMENT/LINEN WASHER/DRYER-DISPOSABLE CLOTHES 3-43 

(SHUTTLE) FUNCTION MATRIX 

3-24 MUSIC (SHUTTLE) FUNCTION MATRIX 3-45 

3-25 LIBRARY (SHUTTLE) FUNCTION MATRIX 3-4': 

3-26 TELEVISION (SHUTTLE) FUNCTION MATRIX 3-47 

3-27 GAMES (SHUTTLE) FUNCTION MATRIX 3-48 

3-28 EXERCISERS (SHUTTLE) FUNCTION MATRIX 3-49 

3-29 AUTOCLAVES (SHUTTLE) FUNCTION MATRIX 3-50 

3-30 AMBIENT FOOD STORAGE (SPACE STATION) FUNCTION MATRIX 3-51 

3-31 REFRIGERATED FOOD STORAGE (SPACE STATION) 3-52 

FUNCTION MATRIX 

3-32 FROZEN FOOD STORAGE (SPACE STATION) FUNCTION MATRIX 3-53 

3-33 FOOD WARMING (SPACE STATION) FUNCTION MATRIX 3-54 

3-34 DISHWASHER/DRYER COMBINATION (SPACE STATION) 3-55 

FUNCTION MATRIX 

3-35 DISHWASHER/DRYER WITH DOSPOSABLES (SPACE STATION) 3-57 

FUNCTION MATRIX 

3-36 FECES COLLECTION/TRANSFER (SPACE STATION) 3-59 

FUNCTION MATRIX 

3-37 URINE COLLECTION/TRANSFER (SPACE STATION) 3-61 

FUNCTION MATRIX 

3-38 WHOLE BODY SHOWER (SPACE STATION) FUNCTION MATRIX 3-62 

3-39 VOMITUS COLLECTION/TRANSFER (SPACE STATION) 3-63 

FUNCTION MATRIX 

3-40 PARTIAL BODY WASHING (SPACE STATION) FUNCTION MATRIX 3-64 

3-41 PARTIAL BODY DRYING (SPACE STATION) FUNCTION MATRIX 3-65 

3-42 SHAVING (SPACE STATION) FUNCTION MATRIX 3-66 

3-43 HAIR CUTTING (SPACE STATION) FUNCTION MATRIX 3-67 

3-44 NAIL CUTTING (SPACE STATION) FUNCTION MATRIX 3-68 

3-45 DENTAL (SPACE STATION) FUNCTION MATRIX 3-69 

3-46 SURFACE WIPING (SPACE STATION) FUNCTION MATRIX 3-70 

3-47 MANUAL REFUSE COLLECTION (SPACE STATION) 3-72 

FUNCTION MATRIX 

3-48 VACUUM REFUSE COLLECTION (SPACE STATION) 3-73 

FUNCTION MATRIX 



D2-118561-1 


TABLES (Concluded) 

NUMBER PAGE 


3-49 REFUSE PROCESSING (SPACE STATION) FUNCTION MATRIX 3-74 

3-50 REFUSE DISPOSAL (SPACE STATION) FUNCTION MATRIX 3-76 

3-51 GARMENT/LINEN WASHING (SPACE STATION) 3-77 

FUNCTION MATRIX 

3-52 GARMENT/LINEN DRYING (SPACE STATION) FUNCTION MATRIX 3-79 

3-53 GARMENT/LINEN WASHER/DRYER-DISPOSABLE CLOTHES 3-81 

FUNCTION MATRIX 

3-54 MUSIC (SPACE STATION) FUNCTION MATRIX 3-83 

3-55 LIBRARY (SPACE STATION) FUNCTION MATRIX 3-84 

3-56 TELEVISION (SPACE STATION) FUNCTION MATRIX 3-85 

3-57 GAMES (SPACE STATION) FUNCTION MATRIX 3-86 

3-58 EXERCISERS (SPACE STATION) FUNCTION MATRIX 3-87 

3- 59 AUTOCLAVES (SPACE STATION) FUNCTION MATRIX 3-88 

4- 1 SHUTTLE APPLIANCE SYSTEM REQUIREMENTS 4-2 

4-2 SHUTTLE FOOD MANAGEMENT SUBSYSTEM REQUIREMENTS 4-4 

4-3 SHUTTLE PERSONAL HYGIENE SUBSYSTEM REQUIREMENTS 4-7 

4-4 SHUTTLE HOUSEKEEPING SUBSYSTEM REQUIREMENTS 4-9 

4-5 SHUTTLE OFF-DUTY SUBSYSTEM REQUIREMENTS 4-11 

4-6 SPACE STATION APPLIANCE SYSTEM REQUIREMENTS 4-13 

4-7 SPACE STATION FOOD MANAGEMENT SUBSYSTEM REQUIREMENTS 4-14 

4-8 SPACE STATION PERSONAL HYGIENE SUBSYSTEM REQUIREMENTS 4-17 

4-9 SPACE STATION HOUSEKEEPING SUBSYSTEM REQUIREMENTS 4-19 

4-10 SPACE STATION OFF-DUTY SUBSYSTEM REQUIREMENTS 4-21 

6-1 SHUTTLE FOOD MANAGEMENT SUBSYSTEM OPTIMIZATION MATRIX 6-5 

6-2 SHUTTLE PERSONAL HYGIENE SUBSYSTEM OPTIMIZATION MATRIX 6-9 

6-3 SHUTTLE HOUSEKEEPING SUBSYSTEM OPTIMIZATION MATRIX 6-12 

6-4 SHUTTLE OFF-DUTY SUBSYSTEM OPTIMIZATION MATRIX 6-14 

6-5 SHUTTLE APPLIANCE SYSTEM OPTIMIZATION MATRIX 6-15 

6-6 SPACE STATION FOOD MANAGEMENT SUBSYSTEM 6-20 

OPTIMIZATION MATRIX 

6-7 SPACE STATION PERSONAL HYGIENE SUBSYSTEM 6-24 

OPTIMIZATION MATRIX 

6-8 SPACE STATION HOUSEKEEPING SUBSYSTEM 6-27 

OPTIMIZATION MATRIX 

6-9 SPACE STATION OFF-DUTY SUBSYSTEM OPTIMIZATION MATRIX 6-29 

6-10 SPACE STATION APPLIANCE SYSTEM OPTIMIZATION MATRIX 6-30 


xi 



D2-118561-1 


1.0 INTRODUCTION 

The crew appliance study was funded under Contract NAS 9-13965 by the 
Crew Systems Division of NASA JSC to develop conceptual crew appliance 
systems which will satisfy the mission requirements for the Shuttle Orbiter 
and the Modular Space Station. 

Major crew appliances generally require large amounts of electrical energy; 
have high heating or cooling requirements; and are users of liquid/gas 
consumables. These crew appliance interface requirements can significantly 
impact the design of a manned space vehicle environmental control and life 
support system (ECLSS). The objective of this study is to analyze crew 
appliances to minimize the thermodynamic, power, weight, volume, and 
utilities support required for the ECLSS using an optimization technique 
to derive the most efficient mix of appliances. Crew appliance costs were 
heavily factored in favor of the state-of-the-art concepts; however, all 
appliance concepts of a sound design were considered during the study. 

In order to thoroughly achieve the objectives of the study, all of the 
available appliance- related reference data were compiled from various 
library and contractor sources. A review of these references produced a 
list of documents which were considered most applicable to the appliance 
functions. These references were categorized and indexed and an abstract 
of each document written on an index card. The compendium of these index 
cards has been delivered to NASA JSC and is on file with J. R, Jaax, 
Building 7. 
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1.0 (Continued) 

A bibliography of all document titles which are pertinent to the crew 
appliance study was compiled and is attached as Appendix A. The resulting 
bibliography is ordered by three methods: (1) consecutive reference 

number, (2) alphabetically, and (3) index codes. The bibliography has 
been computerized to organize the large number of references and to provide 
easy retrieval of information. A description of the procedures used to 
retrieve information from the bibliography using a remote computer terminal 
is discussed in Appendix A. To facilitate the ease of reference identi- 
fication in this document, the consecutive numbers of the bibliography were 
utilized as reference numbers to be used in the text. 

Data derived from the referenced documents provided the basis for the 
appliance concept descriptions contained in Section 3.0. The Crew Appliance 
System was organized into Habitability Subsystem, Habitability Function, 
and Appliance Function; and the most feasible concepts were identified 
for each function. This organization is shown schematically in Figure l-l. 
Engineering data derived for each appliance were normalized to the estab- 
lished Shuttle Orbiter and Modular Space Station reference missions. 

These data were entered into an Appliance Concept Function Matrix to pro- 
vide direct comparisons of concepts which serve a particular appliance 
function. 

Concepts contained within each Appliance Function were traded using a 
parameter weighted technique designed to reflect the Shuttle Orbiter and 
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1.0 (Continued) 

Space Station vehicle appliance requirements. A computer program was 
developed and used to perform the trade studies. In addition to the 
concept operational requirements considered, cost, reliability, maintain- 
ability, and safety were also factored into the trade program. The 
advantages of a computerized trade study are rapid turnaround time for 
parameter changes, changes in weighting distribution, and mission resupply 
time. The detailed engineering data utilized for the trade studies, the 
Appliance Concept Function Matrix, and the trade study program results 
are presented in Appendices B and C. Shuttle Orbiter and Space Station 
derived appliance requirements and the summary of the appliance function 
trade study results are located in Sections 4.0 and 5.0, respectively. 

Appliance concepts with the highest rating in each of the appliance 
functions were optimized on a system level as described in Section 6.0. 

The appliance system optimization study identifies appliance function 
deficiencies by comparing the top rated concept requirements to the 
vehicle requirements listed in Section 4.0 and by including crew time, 
crew preference, and usage time considerations. 

The trade program and optimization technique used for this study not only 
provide the optimized appliance systems for the Shuttle Orbiter and Modular 
Space Station, but can be used with some manipulation for other vehicle 
programs. In addition, direct comparisons of appliance systems other than 
the ones chosen by the study can be readily made utilizing the data pre- 
sented within these documents. 
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2.0 SUMMARY 

This report documents the concept study phase of the Crew Appliance Study. 
The main tasks included in the concept study are (1) a literature search 
to identify space-oriented crew appliance concepts; (2) collect, categorize, 
and document the available vehicle oriented appliance data; and (3) develop 
an optimized appliance system for both the Shuttle and Space Station vehicle 
missions. 


The literature search produced an abstract file pertaining to 299 appliance- 
related documents which were file coded according to subject content. A 
brief description of each document's contents and its worthiness to the 
appliance study are included. These documents and 382 others reviewed 
during the study were compiled to form an appliance subject bibliography. 

The bibliography, included in this document in Appendix A, has been placed 
in a computerized format which can be accessed remotely on a time-sharing > 
computer. 


Appliance concepts introduced in the literature search and found to be 
technically reasonable were included in the list of concepts to be reviewed 
for inclusion in the appliance system. A total of 135 concepts were identi- 
fied and categorized. All the available engineering parameters relating to 
the 135 concepts were compiled and summarized in an Appliance Concept Function 
Matrix. These matrices were constructed for both the Shuttle and Space 
Station mission operations with the basic appliance functional parameters 
being adjusted to reflect the mission requirements. 
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2.0 (Continued) 

Various appliance concepts in each habitability function category were 
traded to determine which concept best satisfied the mission requirements 
for a particular function. Factors such as weight, volume, electrical power 
and thermal requirements, reliability, safety, and cost were weighed. The 
quality of the trade task was enhanced by the use of a Boeing-developed 
computerized trade routine which easily allowed a variation of weighting 
factors to be repeatedly assigned and assessed. Concepts which were found 
in the trade task to best satisfy the Shuttle and Space Station mission 
requirements are tabulated in Table 2-1 and Table 2-2, respectively. 

Appliance concepts identified in the trade program formed the basic optimum 
appliance system. This system was further optimized by alternating concepts 
until the conceptual system was within the vehicle requirements or until 
each requirement deficiency was reduced to a minimum. Final selected con- 
cepts for each habitability function in the Shuttle and Space Station 
appliance systems are tabulated in Table 2-1 and Table 2-2, respectively. 

Requirements for the Shuttle Appliance System are sufficiently defined; and 
the optimized system developed in this study is well within all thermal, 
electrical, weight and volume requirements. The maximum instantaneous heat 
rejection load of the optimum system to the Shuttle ECLSS is 464 watts (1583 
Btu/hr) less than the specified requirements. 
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TABLE 2-1 


SUMMARY OF SHUTTLE CREW APPLIANCE CONCEPT SELECTION 






FIRST 

SECOND 

HABITABILITY 

HABITABILITY 

"'Appliance 

CONCEPT 

RATED 

RATED 

SUBSYSTEM 

FUNCTION 

FUNCTION 

CHOSEN 

CONCEPT 

CONCEPT 


FOOD STOfWGE 

REFRIGERATED 

Space Radiator 

Space Radiator 

Thermoelectric 


FOOD 

WARMING 

Heating Trays 

Heating Trays 

Convective Oven 

FOOD 

UAfti Ar^rMriitT 

PREPARATION 





nArlAutncli i 








DISH CLEANUP 

Reusable Dishes 

Reusable Dishes 

Reusable Dishes 


GALLEY 

CLEANUP 


and Utensils 

and Utensils 

and Disposable 



with Disposable 

with Disposable 

Utensils with 



Wet/Dry Wipes 

Wet/Dry Wipes 

Disposable 
Wet/Dry Wipes 




FECAL 

COLLECTION 

Dry John System 

Apollo System 

Skylab System 


HASTE 

URINE 


Apollo System 

Sky lab System 


COLLECTION 

COLLECTION 

1 





VOMITUS 

COLLECTION 

Disposable Bags 

Disposable Bags 

Intimate Adaptor 

PERSONAL 


PARTIAL BODY 

Disposable Wet 

Disposable Wet 

Skylab-Type 

HYGIENE 

BODY 

CLEANSING 

HASHING 

Wipe 

Wipe 

Disposable 

Washcloth 



PARTIAL BODY 
DRYING 

Disposable Dry 

Disposable Dry 

Electric Dryer 



SHAVING 

Safety or 

Safety or . 

Safety or 


PERSONAL 


Windup 

Windup 

Windup 


GROOMING 

DENTAL CARE 

Toothbrush 

Toothbrush 

Electric 




w/Dentifrice 

w/Dentifrice 

Toothbrush 


EQUIPMENT 

SURFACE 

Disposable Wet/ 

Disposable Wet/ 

Skylab-Type 


CLEANUP 

WIPING 

Dry Wipes 

Dry Wipes 

Disposable Clot! 



MANUAL 

Disposable Trash 

Disposable Trash 

Disposable 



COLLECTION 

Bag 

Bag 

Recepticles 

HOUSEKEEPING 

REFUSE 

VACUUM 

Skylab-Type 

Vacuum-Vented 

Skylab-Type 

MANAGEMENT 

COLLECTION 

Electric 


Electric 



REFUSE 

Storage Bin/ 

Storage Bin/ 

Vacuum Storage 



DISPOSAL 

Container 

Container 



GARMENT/LINEN 

CLOTHES WASH/ 

Disposable 

Disposable 

Mechanical 


MAINTENANCE 

DRY 

Clothes 

Clothes 

w/ Clothes Line 



MUSIC 

Cassette Record 
Recorder 

* 

* 


ENTERTAINMENT 

LIBRARY 

Books 

* 

* 

OFF-DUTY 


TELEVISION 

Commercial Type 

* 

a 

ACTIVITIES 


GAMES 

Cards, Handball, 
Etc. 

* 

* 


PHYSICAL 

EXERCISERS 

Exer Gym, Hand 


* 


CONDITIONING 


Exerciser , 




; ^ NOT TRADED 
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TABLE 2-2 


SUMMARY OF SPACE STATION CREW APPLIANCE CONCEPT SELECTION 






FIRST 

SECOND 

HABITABILITY 

HABITABILITY 

APPLIANCE 

CONCEPT 

RATED 

RATED 

SUBSYSTEM 

FUNCTION 

FUNCTION ■ 

CHOSEN 

CONCEPT 

CONCEPT 


FOOD 

REFRIGERATED 

Space Radiator 

Space Radiator 

Thermoelectric 


STORAGE 

FROZEN 

Space Radiator 

Space Radiator 

Thermoelectric 

FOOD 

MANAGEMENT 

FOOD 

PREPARATION 

WARMING 

Heating Trays 

Heating Trays 

Convective Oven 



DISH CLEANUP 

Water Spray 

Reusable Dishes 

Reusable Cups & 



GALLEY 

aEANUP 

• 

Wash/Elec. 
Heat Dry 

and Disposable 
Wet/Dry Wipes 

Dishes - 
Disposable 
Utensils and 
Disposable Wet/ 





• 

Dry Wipes 


. 

FECAL 

COLLECTION 

Dry John System 

Apollo System 

Sky lab System 


HASTE 

URINE 


Apollo System 

Skylab System 


COLLECTION 

COLLECTION 

VOMITUS 

Disposable Bags 

Disposable Bags 

Intimate 



COLLECTION 



Adaptor 



SHOWER 

Collapsible 

Collapsible 

Mechanical 



PARTIAL BODY 

Reusable Wipes 

Reusable Wipes 

Skylab-Type 


BODY 

WASHING 


Disposable 

PERSONAL 

HYGIENE 

CLEANSING 

• 



Washcloths 


PARTIAL BODY 

Reusable Wipes 

Reusable Wipes 

Disposable 


DRYING 



Dry Wipes 



SHAVING 

Windup 

Windup 

Vacuum Driven 



HAIRCUTTING 

Razor Comb 

Razor Comb 

Power Clipper 




Vacuum 

Vacuum 

Vacuum 


PERSONAL 


Collection 

Collection 

Collection 


GROOMING 

NAIL CARE 

Manual Clipper 

Manual Clipper 

Nail File 

Vacuum 

Collection 





DENTAL CARE 

Toothbrush 

Toothbrush 

Electric 




w/Dentifri ce 

w/Dentifrice 

Toothbrush 


EQUIPMENT 

SURFACE 

Reusable Wet/ 

Disposable Wet/ 

Sponge 


CLEANUP 

WIPING 

Dry Wipes 

Dry Wipes 

Skylab-Type 



MANUAL 

Disposable Bags 

Disposable Bags 

Disposable 



COLLECTION 



Recepticles 


REFUSE 

MANAGEMENT 

VACUUM 

Sky lab- Type 

Skylab-Type 

Vacuum Vented 


COLLECTION 

(Electric) 

(Electric) 


HOUSEKEEPING , 


REFUSE 

Compactor 

Compactor 

Compactor 


PROCESSING 

(Air Pressure) 

(Air Pressure) 

(Vacuum) 



REFUSE 

Storage Bin/ 

Storage Bin/ 

Vacuum Storage 



DISPOSAL 

Container 

Container 



GARMENT/LINEN 

CLOTHES 

Water Spray 

Disposable 

Water Spray 


MAINTENANCE 

WASH/ DRY 

Agitation Plus 

Clothes 

Agitation Plus 




Electric Dry 


Clothes Line 



MUSIC 

Casette Recorder 

* 

* 


ENTERTAINMENT 

LIBRARY 

Books 

* 

* 

OFF-DUTY 


TELEVISION 

Commercial Type 

* 

* 

ACTIVITIES 


GAMES 

Cards, Handball; 
Etc. 

* 

* 


PHYSICAL 

EXERCISERS 

Exer Gym, 

* 

* 


CONDITIONING 


Hand Exerciser 
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2.0 (Continued) 

Appliance requirements described in the Modular Space Station Study were 
used for comparison with the optimized Space Station characteristics. 

Because of insufficient definition of heat rejection and electrical power 
data in some areas, it was possible only to totally compare weight and volume. 
The optimized system was selected to provide a balanced system whereby heat 
rejection and electrical penalties were paid, where necessary, to eliminate 
high weight and volume-type appliance concepts. The resulting optimized 
Space Station appliance system is within the weight and volume system 
requirements (Modular Space Station Study). Maximum instantaneous heat 
rejection load of the conceptual system to the ECLSS is 1501 watts (5122 
Btu/hr) directly to the coolant and 2716 watts (9268 Btu/hr) as heat leakage 
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3.0 APPLIANCE CONCEPT FUNCTION DESCRIPTION 

An Appliance Concept Function Matrix was developed to describe the physical 
and operational parameters for each appliance concept. Formatting of the 
matrix was designed to include and properly present parameters which have 
an impact on a vehicle ECLSS. Appliance concepts included in the matrices 
were organized within an appliance system to facilitate indexing of each 
concept. Appliance concept data presented in the matrices were adjusted 
to reflect Shuttle Orbiter and Modular Space Station mission requirements. 

The Shuttle Orbiter and Modular Space Station baseline mission and timeline 
were developed using the latest available reference data. 

3.1 MISSION BASELINE DESCRIPTION 

Shuttle Orbiter and Modular Space Station baseline missions are presented 
in Figures 3-1 and 3-2, respectively. Mission timelines for the two space- 
craft are shown in Figures 3-3 and 3-4. The Shuttle Orbiter mission baseline 
was referenced from the 1973 fourth quarter Rockwell International mission 
description (Reference 32). The Modular Space Station mission baseline 
was compiled from McDonnell Douglas, Rockwell International, Hamilton 
Standard, and NASA JSC study reports. 

The Shuttle Orbiter baseline mission provides for a maximum of six crewmembers 
for 7 days. Vehicle capability must, however, be based on the nominal 
mission plus contingencies in order to specify a complete appliance concept. 
Shuttle Orbiter contingency is specified as 96 hours for up to 10 crewmen. 

The appliance study was, therefore, based on a 42 man-days nominal mission 
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SHUTTLE MISSION BASELINE 


0 150,000 POUND ORBITER 

0 BASELINE MISSION 

- 42 MAN-DAYS (3-6 MALE/FEMALE CREW FOR 7 DAYS) 

- 4 MAN NOMINAL MISSION 

0 VEHICLE SYSTEM CAPABILITY 

- 42 MAN-DAYS + 96-HOUR CONTINGENCY FOR UP TO 10 CREWMEN 
(40 MAN-DAYS) 


SHUTTLE IMPOSED REQUIREMENTS ON THE APPLIANCE SYSTEM 
0 ALL MISSIONS WILL USE SAME HABITABILITY FUNCTIONS 
0 GRAVITY - ZERO TO ONE EARTH GRAVITY 
0 ATMOSPHERE 

- PRESSURE 14.7 PSIA 

- COMPOSITION 3.2 PSIA Og 

11.5 PSIA N 2 


- CO 2 CONCENTRATION 0-7.6 mm Hg 
0 TEMPERATURE 

- RANGE (DRY BULK) 65‘’-80*’F 

4 MEN (DESIGN PT.) 70“ F 

10 MEN (DESIGN PT.) 80® F 

- DEWPOINT 39“-61“F 

0 OPERATIONAL LIFE 

- 10 YEARS/lOO ORBITAL MISSIONS/REPLACEABLE UNIT CONCEPT 
0 GENERAL 

- GAS VENTING ALLOWED/NONPROPULSIVE 

- LIQUID VENTING SHALL BE MINIMIZED/NONPROPULSI VE 

- JETTISON OF SOLIDS/SOLID WASTES SHALL NOT BE ALLOWED. 

- NO MEDICAL SAMPLING REQUIRED OF FECES/URINE 


SHUTTLE TIMELINE 


0 NOMINAL CREW TIMELINE (SEE FIGURE A-1) 

- WORK (INCLUDING OFF-DUTY) - 13 HOURS 

- EAT - 3 HOURS 

- SLEEP - 8 HOURS 


REFERENCE MSC 07896, "SPACE 
SHUTTLE SYSTEM BASELINE 
REFERENCE MISSIONS-VOLUME II" 


Figure 3-1. Shuttle Baseline Mission 


3-2 
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SPACE STATION MISSION BASELINE 

0 20,000 POUND MODULES (MAXIMUM) 

0 BASELINE MISSION 

- 6-MAN CREW (MALE/ FEMALE) 

« 90/ 180- DAY RESUPPLY 

0 VEHICLE SYSTEM CAPABILITY 

- 1080 MAN-DAYS + 96 HOUR CONTINGENCY FOR UP TO 12 MEN 

SPACE STATION REQUIREMENTS IMPOSED ON THE APPLIANCE SYSTEM 

0 GRAVITY - ZERO 
0 ATMOSPHERE (LIVING QTR's) 

- PRESSURE 14.7 PSIA 

- COMPOSITION 3.2 PSIA O 2 

11.5 PSIA N 2 

- CO 2 CONCENTRATION 

0 TEMPERATURE (LIVING QTR's) 

- RANGE (DRY BULK) 65"-75“F 

- DEWPOINT 39“-62‘’F 

0 OPERATIONAL LIFE 

- 10 YEARS/SCHEDULED MAINTENANCE 
0 GENERAL 

- GAS VENTING ALLOWED/NONPROPULSIVE 

- LIQUID VENTING SHALL BE MINIMiZED/NONPROPULSIVE 

- JETTISON OF SOLIDS/SOLID WASTES SHALL NOT BE ALLOWED 

SPACE STATION TIMELINE 

0 NOMINAL CREW DUTY CYCLE 

- SEE FIGURE A-2 


Figure 3-2. Space Station Baseline Mission 


ORIGINAL PAGE IS 
OF POOR QUALITY 


<1 




SEPARATION 



Time from lift-off, hr 



Time from lift-off," hr 
(a) Launch to 72 hours. 


Figure 3-3. Shuttle Orbiter Timeline 
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,1 

3.1 (Continued) 

plus 40 man-days contingency or 82 man-days (20.5 days with a nominal 
four-man crew). The timeline used as a baseline for daily crew activity 
was based on the mission requirements (Reference 32). 

The Modular Space Station baseline mission uses a nominal six-man crew for 
180 days. Mission contingency is based on 96 hours for six men. A total 
vehicle capability of 1104 man-days or 184 days was used for the appliance 
study. Space Station resupply period was assumed to be 180 days. The 
timeline used as a baseline for daily crew activity was based on the mission 
requirements and was taken from Reference 273. This timeline will be modi- 
fied as required to incorporate the various appliance functions involving 
crew time in the Crew Appliance System Optimization section of this report. 
Also, timelines will be altered to reduce the appliance system peak thermal 
and power demands on the vehicle systems. 

In addition to the EGLSS imposed appliance restrictions, liquid and gas 
venting from appliances was minimized or eliminated and jettison of solids/ 
solid wastes was not allowed. Gas or liquid venting, when allowed, was 
assumed to be nonpropulsive. The Shuttle Orbiter personal hygiene appliance 
concepts do not include hardware required to provide medical sampling of 
crewman feces/urine. 


3-6 
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3.2 APPLIANCE SYSTEM DESCRIPTION 

Development of a crew appliance system organization was necessary to 
thoroughly and orderly categorize all of the appliance concepts. The 
system organization is summarized in Figure 1-1. The Crew Appliance 
System was subdivided into three major groupings: Habitability Subsystem, 

Habitability Function, and Appliance Function. The five habitability 
subsystems are food management, personal hygiene, housekeeping, off-duty 
activity, and medical. These subsystems were further subdivided into 13 
crew habitability functions and appliance functions then identified for 
each. A total of 33 appliance functions were included in the study. 

Engineering data were derived for each concept listed in the Appliance 
Function section using the reference data described in Paragraph 2.0, 

NASA JSC and JSFC personnel, and crew appliance/space vehicle contractors. 
New concepts were also added as they were identified during the study. 

A total of 135 individual appliance concepts considered during the study 
are listed in Figure 3-5 by title. 

Appl iance concept engineering data were normalized to the Shuttle Orbiter 
and Modular Space Station baseline mission requirements. These data were 
arranged and are presented in Appendices B and C by individual appliance 
concept descriptions and work sheets. Appendices B and C apply to Shuttle 
Orbiter and Modular Space Station, respectively. The work sheets provide 
identification of each crew appliance concept weight, volume, electrical 
power, and thermal requirements. 


to 

I 

CO 


1.0 

FOOD MANAGEMENT 

1.3. 1.6 

1.3. 1.7 

1.1 

FOOD STORAGE 

1.3. 1.8 

1.1.1 

Ambient Food Storage 

1.3. 1.9 

1. 1.1.1 

Rigid Containers 

1.1. 1.2 

Flexible Containers 

1.3.1.10 

1.1.2 

Refrigerated Food Storage 

1.3.2 

1.1. 2.1 

Space Radiator 


1.1. 2. 2 

Thermoelectric 

JL • O • ^ • X 
1 0*00 

1.1. 2. 3 

Air Cycle Turbine/Compressor 


1.1.3 

Frozen Food Storage 

1.3. 2. 3 

1.1. 3.1 

Space Radiator 

1.3. 2. 4 

1 ^ 9 R 

1.1. 3. 2 

Thermoelectric 

1.1. 3. 3 

Air Cycle Turbine/Compressor 

X • ^ • 0 

1.2 

FOOD PREPARATION 

1.3. 2. 6 

1.2.1 

Food Rehydration 

1.3. 2. 7 

1.2.2 

Food Warming 

1.3. 2. 8 

1. 2.2.1 

Heating Trays (Skylab) 

1.3. 2.9 

1.2. 2.2 

Oven - Hot Air Convention (Electric Heat) 

1.2. 2. 3 

Oven - Microwave 

1.3.2.10 

1.3 

GALLEY CLEANUP 

1.3.2.11 

1.3.1 

Dishwasher/Dryer Combination 

1.3.2.12 

1.3. 1.1 

Hot Water Spray - Centrifuge Drying 


1.3. 1.2 

Hot Water Spray - Air Spray Dry 


1.3.1. 3 

Hot Water Spray Wash - Force Hot Air 
Electric Heat Dry 

2.0 

1.3. 1.4 

Hot Water Spray Wash - Forced Cold Air 
Desiccant 

2.1 

1.3.1. 5 

Hot Water Spray Wash - Forced Hot Air 
Dry - Thermal Storage 

2.1.1 


Ultrasonic Wash - Centrifuge Drying 
Ultrasonic Wash - Forced Hot Air 
Electric Dry 

Ultrasonic Wash - Force Cold Dry Air - 
Desiccant, Electrically Desorbed 
Ultrasonic Wash - Force Hot Air Dry - 
Thermal Storage 
f-lanual Wash - Manual Wipe Dry 

Dishwasher/Dryer with Dishes 

Hot Water Spray - Centrifuge Drying 
Hot Water Spray - Forced Hot Air Electric 
Heat Drying 

Hot Water Spray - Forced Air/Desiccant/ 
Electrically Heated 
Manual Wash - Manual Wipe 
Disposable Cups - Reusable Metallic 
Utensils and Dishes 

Disposable Cups and Nonmetal lie Dishes - 
Reusable Metallic Utensils 
Disposable Cups and Nonmetal lie Utensils 
Reusable Metallic Dishes 
Disposable Cups and Nonmetallic Utensils 
and Dishes 

Reusable Cups and Metallic Utensils 
and Dishes 

Reusable Cups and Metallic Utensils - 
Disposable Nonmetallic Dishes 
Reusable Cups and Metallic Dishes - 
Disposable Nonmetallic Utensils 
Reusable Cups-Disposable Nonmetallic 
Utensils and Dishes 

PERSONAL HYGIENE 

WASTE COLLECTION/TRANSFER 

Fecal Collection/Transfer 


Figure 3-5. Crew Habitability and Appliance Functions and Concepts 


I“I9S8IX-2Q 


CO 

I 

KO 


^ 


2. 1.1.1 

Dry John 

2. 2. 2. 5 

2.1. 1.2 

Dry John - Anal Wash 

2. 2. 2.6 

2. 1.1.3 

Germicide - Wet John 

O O 0 

2. 1.1.4 

Integrated Vacuum Decomposition 


2. 1.1. 5 

Flush Flow 02 Incineration 

2. 2. 3.1 

2. 1.1.6 

Pyrolysis/Batch Incineration 

2. 2. 3. 2 

2. 1.1. 7 

Wet Oxidation 

2. 2. 3. 3 

2. 1.1.8 

Semiautomatic Bag System (Skylab) 


2. 1.1. 9 

Dry Bags (Apollo) 

2.3 

2.1.2 

Urine Collection/Transfer 

2.3.1 

2. 1.2.1 

Standup Urinal 

2. 3. 1.1 

2. 1.2.2 

Commode Urinal 

2. 1.2.3 

Intimate Male Adapter Urine (Skylab) 


2. 1.2. 4 

Aperture Urinal 


2. 1.2.5 

Liquid/Gas Flow Cuff Type (Apollo) 

C • 0 • Jl • 0 

2.3. 1.4 

2.1,3 

Vomitus Collection/Transfer 

2.3. 1.5 

2.1.3. 1 

Disposable Intimate Personal Adapter 



(Mates with Commode) 

2.3.2 

2. 1.3. 2 

Reusable Intimate Personal Adapter, Lined 

2. 3. 2.1 
7 7 7 


(Mates with Commode) 

2. 1.3.3 

Disposable Portable Collector 


2. 1.3.4 

Reusable Portable Collector 

2.3.3 

2.2 

BODY CLEANSING 

2.3.3. 1 

2. 3. 3. 2 

2.2.1 

Whole Body Shower 

2.3.4 

2. 2. 1.1 

Vacuum Pickup 

2. 3. 4.1 

2. 2. 1.2 

Air Drag (Evaporative) 

2. 3. 4. 2 

2. 2. 1.3 

Mechanical (Towel Pickup) 

2. 3. 4. 3 

2.2. 1.4 

Collapsible 

3.0 

2.2.2 

Partial Body Washing 

2. 2.2.1 

Disposable Wet Wipes 

3.1 

2. 2. 2. 2 

Reusable Wet Wipes 


2. 2.2. 3 

Disposable Wipes (Prepackaged) 

3.1.1 

2. 2. 2. 4 

Automatic Sponge 

3. 1.1.1 


Reusable Washcloths 
Disposable Washcloths (Skylab) 

Partial Body Drying 

Reusable Dry Wipes 
Disposable Dry Wipes 
Electric Dryer 

PERSONAL GROOMING 

Shaving 

Wet Shave - Safety Razor and Cream 
Dry Shave - Electric Razor/Vacuum 
Collection 

Dry Shave - Windup Razor (Skylab) 

Dry Shave - Vacuum Motor-Driven Razor 
Wet Shave - Safety Razor/Vacuum 
Collection 

Hair Cutting 

Electric Clipper/Vacuum Collection 
Razor-Comb/Vacuum Collection 

Nail Care 

Manual Nail Clipper/Bag Collection 
Metal Nail File/Vacuum Collection 

Dental 

Toothbrush with Dentifrice 
Water Pix 

Electric Toothbrush with Dentifrice 

HOUSEKEEPING 

EQUIPMENT CLEANING 

Surface Wiping 
Disposable Wet/Dry Wipes 


A 


Figure 3-5. Crew Habitability and Appliance Functions and Concepts (continued) 
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3.1.1 

3.1.1 

3.1.1 

3.1.1 


.2 

.3 

.4 

.5 


3. 1.1.6 


3.1.1 

3.1.1 

3.1.1 

3.1.1 


.7 

.8 

.9 

.10 


Reusable Wet/Disposable Dry Wipes 
Disposable Wet/Dry Wipes (Prepackaged) 
Automatic Mop 

Reusable Cleaning Cloths/ Disposable Dry 
Wipes 

Disposable Cleaning Cloths/Disposable Dry 
Wipes 

Disposable Wet Wipes/Reusable Dry Wipes 
Reusable Wet/Dry Wipes 
Reusable Cleaning Cloths/Dry Wipes 
Disposable Cleaning Cloths/Reusable Dry 
Wipes 


3.1.1.11 Sponges 

3.1.1.12 Sponges/Skylab Wetting Unit 

3,2 

REFUSE MANAGEMENT 

3.2.1 

Manual Collection 

3. 2. 1.1 

3.2. 1.2 

3. 2. 1.3 

Waste/Trash Bags 

Waste Receptacles/Reusable 

Waste Receptacles/Disposable 

3.2.2 

Vacuum Collection 

3. 2. 2.1 

3. 2.2. 2 

3. 2.2. 3 

Portable Vacuum/Electric (Skylab) 
Portable Vacuum/Electric (Commercial) 
Portable Vacuum/Space Venting 

3.2.3 

Refuse Transfer 

3.2.4 

Refuse Processing 

3. 2.4.1 

3. 2. 4. 2 

3. 2. 4. 3 

3. 2. 4. 4 

3. 2.4. 5 

3.2.4. 6 

3. 2. 4. 7 

Compactor 

Shredder 

Incinerator 

Integrated Vacuum Decomposition 
Flush Flow 02 Incineration 
Pyrolysis/Batch Incineration 
Wet Oxidation 

3.2.5 

Refuse Disposal /Storage 

3. 2. 5.1 

Vacuum Storage 


3. 2. 5. 2 Storage Bin/Container 

3. 2. 5. 3 Restorage/Biological Stabilized 

3. 2. 5. 4 Trash Rocket 


3.3 


GARMENT/LINEN MAINTENANCE 


3.3.1 Garment/Linen Washing 

3.3. 1.1 Mechanical Oscillations 

3. 3. 1.2 Fluidic Agitation 

3. 3. 1.3 Piston Agitation 

3. 3. 1.4 Cyclic Valve and Pump 

3. 3. 1.5 Diaphragm Actuated - One Directional 

Squeeze 

3. 3. 1.6 Diaphragm Actuated - Two Directional 

Squeeze 

3.3. 1.7 Water Spray Agitated 

3. 3. 1.8 Ultrasonic 

3. 3. 1.9 Manual Washboard 

3.3.1.10 Plain Recirculation 

3.3.2 Garment/Li nen/Dryi ng 


3.3.2. 

3.3.2. 

3.3.2. 

3.3.2. 

3.3.2. 

3.3.2. 

3.3.2. 

3.3.2. 

3.3.2. 

3.3.3 

3.3.3. 


1 Forced Hot Air - Electric 

2 Forced Hot Air - Heat from Thermal Storage 

Unit 

3 Force Cold Dry Air - Desiccant - Vacuum 

Regenerable 

4 Force Cold Dry Air - Desiccant - Heat 

Regenerable 

5 Vacuum Dry 

6 Thermal Vacuum Dry 

7 Thermal Vacuum Dry 

Radiant Heat 

8 Clothesline - Forced Convection 

9 Clothesline - Forced Convection 

Electric Heat 


Electric Heat 
Thermal Storage/ 


plus 


Garment/Linen Washer/Dryer-^Disposable Clothes 

1 Fluidic Agitation/Forced Hot Air - Electric 
Heater 


Figure 3-5. Crew Habitability and Appliance Functions and Concepts (continued) 
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3. 3. 3. 2 

Fluidic Agitation/Forced Hot Air - 

4.2.2 

Hand Exerciser 


Thermal Storage Heated 



3.13.3 

Fluidic Agitation/Forced Air Drying - 

5.0 

MEDICAL 


Clothesline 



3. 3. 3. 4 

Fluidic Agitation/Forced Air Drying - 

5.1 

STERILIZATION 


Clothesline 



3.3. 3.5 

Water Spray Agitation/ Forced Hot Air - 

5.1.1 

Autoclaves 

3. 3. 3. 6 

Electric Heater 

Water Spray Agitation/Forced Hot Air - 

5. 1.1.1 

5. 1.1. 2 

5. 1.1. 3 

Moist Heat 
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Figure 3-5. Crew Habitability and Appliance Functions and Concepts (concluded) 
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3.2 (Continued) 

In addition to these basic data, the solid/gas/liquid expendables 
requirements and operational penalties, if applicable, were computed and 
are also presented in the work sheets. A schematic or outline drawing, 
in most cases, and a summary of the references from which the engineering 
data were derived accompany each' concept description. 

3.3 APPLIANCE CONCEPT FUNCTION MATRIX 

Engineering data derived for each appliance concept described in 
Paragraph 3.2 were formulated into an Appliance Concept Function Matrix. 

The results of these concept analyses are summarized, by appliance function, 
in the matrices included in Tables 3-1 through 3-29 for Shuttle and 
Tables 3-30 through 3-59 for Space Station. 

The Appliance Concept Function Matrix was developed, organized, and 
compiled to completely assess each concept's impact on the space vehicle 
mission operation and particularly on the vehicle ECLSS and to provide the 
necessary data for trade studies. 

The matrix identifies the appliance concepts in the first column. Usage 
time is specified in uses per day and hours per use in order to provide 
rate data for future work. The consumables and flow requirements columns 
specify the type of fluid, amount consumed per use, flow rate, pressure, 
and temperature required of the ECLSS by the appliance concept. Thermal 
requirements are divided into coolant and heat leak requirements for use 
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3.3 (Continued) 

in estimating the appliance concept impact on ECLSS thermal designs. The 
coolant thermal requirement was defined as latent and sensible heat required 
to be removed at an appliance/ECLSS coolant interface. Heat leak thermal 
requirement is the latent and sensible heat required to be removed at the 
ECLSS cabin heat exchanger. The electrical power requirements identify 
the peak and average AC arid DC power requirements for each appliance con- 
cept. These data can be used to aid the selection of a vehicle power system 
including inverters. Weight and volume requirements specify the total 
weight and volume for each appliance concept including its solid, liquid, 
and gas expendables requirements which are mission dependent. Devel opment 
cost is specified by the appliance concept availability; i.e., available, 
state of the art, etc., and cost indicator which is based on the appliance 
concept complexity. A detailed explanation of the development cost analysis 
is contained in Paragraph 5.1.1. The resupply column applies only to the 
Modular Space Station. Resupply is the consumable weight necessary for 
the appliances to function for an additional 180 days. The remainder of 
the data in the matrix described previously are based on the referenced 
mission of 184 days for Space Station and 20.5 days for the Shuttle Orbiter. 

The matrix for each appliance function with its accompanying set of concept 
descriptions and work sheets, located in Appendices B and C, provide a 
complete background for the derived appliance data. These data were used 
as the basis for the trade studies (Paragraph 5.0) conducted during the 
crew appliance study. 
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; O (LB/USEI |»l JPSIGj tOEQ F I _ I 8TU/HR I ( BTU/HR I A T TS- r."*TTS- ILBS) ICU FTI . _ ILBSI_ 



o 



> 
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TABLE 3-6 (concluded] 


CONCEPT 


hot W*TER i'PR»T-cENTRiruSE OPTING 

hot R»TeR SPR*T.rORCEO mOT AIR ELECTRIC HEAT ORTINg 
HOT RaTeR 'iPRAT . forced A 1 « /O I S I CC *NT /ELECTR I c AULT HEATeO. 

HANUAL »aSh-HaNUaL wipe 

_DJSP0SA5lE CUPS-ReUSABLe MfT»LLiC utensils and DIShES : 

disposable cups ano nonmet»llic dishes-reushble metallic utenbils 

. disposable cups aNo NOnnETaLLIC UTenSILS-REUSabLE metallic dishes, 
disposable cups and NONhETaLLIC UTenSiLS and dishes 
. reusable cups and metallic utensils ano dishes 
reusable cups and metallic UTeNSILS-DISPOSabLE NONHeTaLLIC dishes 
_REUSABLE„CuPS_aMo .HETALLJC_0ISHES-t01sP9SADLE nONHetALi 1 C U T ENsI LS 
REUSABLE CUPS«OISPOSABLf NONMeTaLL'ic OTeNSilS aNO DISHES 


cabin air (circulated), liters/sec 

CABIN air (LOST) , KG/HR 

OXYGEN (LOST) , KG/HR 

COOLING WATER (CIRCULATED), KG/HR 
WATER (LOST) , KG/HR 

NITROGEN (CIRCULATED), KG/HR 

NITROGEN (USED) , KG/HR 

FREON (CIRCULATED), KG/HR 

WATER (PROCESSED) , KG/HR 


(LB/HR) 

(lb/hr) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 


(**) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

(4) EXTENSIVE DEV. REQUIRED 


{**p)C0ST 

INDICATOR 


25-50S 

50-75X 

75-lOOS 
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. . _ . TABLE 3-7 _ . 

•PPUIAUCC concept function «*TRIX 


INOE* NO. 7.1.1 Frets GOULECTION/TSANSPER <SHUTtLE) 


I 

T 

; o 


! ^ 

i 

o 

i ^ 

! 

I o 


CONCEPT 
— NOi 


US»GE 
-T IME — 


COf4SUM»BLES aN'o FLO" REQUIREMENTS 


Thermal reomts 


ELtc P"*** PEQhTS NT^VOL RE«hTS 


DE^ELOPHenT 
COST 


ReSOPP|.T 


. amt, 

USE5/DAT type USED FLOW 
mRS/nSe ...t« j _,«KG/USe- . « 


■*.000 

.ISO 


-■I.COO- 

.725 


R.COO 
- . I S8 


J.nOO- 

6.000 

M.POO 

- 6.000 


-R.OOO- 

6.000 

■*.000 

-3.000- 


JS.OOO- 

,180 


•*.000 

-I.SDO- 


(LR/USE) 


(•* 


PRESS TEHP 
-MMHG- -DE6 C‘ 

(PSlG) (DEG D (RTU/HRI (BTU/HR) 


coolahT ht leak 
.AATTS. -EATTS.. 


AVG PWR - 

AC **E*6HT volume avail INOE* weight 

DC -KG- - -CU M- -KG* 

-WATTS- (LBS) (CU FT) ' (L8S) 


PK PWR 

ac 

DC 

-WATTS- 


.0000 ’.■*■* 

.cnon) ( 20.00) 

•oroo .00 

J .0000 I i .00 J- 


• 0 21.1 

I .0) I To.C) 
.0 2 I > I 

( .0)_l--70.fj) 


.0000 ■?.■(■( .0 - - 2l»l 

.copo** 20 .no) 1 .01 • 7c*p) 

.•(7®9 OB. Q| (OS'*. 3 3?.? 


-.0000 

• Oooo I ( 


.00 — TSG) .■* 2 ) . 1 

, 00 ) no.o) ( 70.(?) 


• OCCO 9.V^( 

-I — .0000)< 2c.00*--l 


-«OPP" 


-Q.M'*- 


... 0 - 


2 ).) 


-2) . I 


I .OCOOX 20.001 ( ‘Ol I 7o*n) 


,|9H| 


• 00 


• 0 


71 •) 


_l .•»78o)(. — .00) - ( «0)-T 7o«0) 


•0577- 


I . ) 26n) I 


. 00 — 

• 00 ) 


.0 21 • 

( .0) I 7o«n) 


.0767 


•00 62058.0 


21*1 


-aOOOO 3,7 8- 


-. 0 _ 


-21. I. 


I .0000) « 9.00) ( .0) I 70»0) * 



0 . 

2 Q 0 . 

67&.0 

•*•* 0.0 

lp 7 .3 

,85 * 

2 

25 


.0 

•* . - 

- 0 .) -- 

I 6 B 3 .) 

- 62.0 

S 2.0 

( 236 . SI 

-( 3 o« 00 ) - 


■ 

— 1 -- 

. 0 ) - 



M 74 « 

A 80 . 0 

<Hin >0 

356.8 

1 .S 9 

-2 

30 


.•0 - - 

( 

o») 

f | 6 ) 9 . ) 

•* 20.0 

360-0 

( 7 n 6 . 6 ) 

( 56 . 00 ) 



I 

• 0 ) 




0 * 

188 . 

•• 00.0 

28 Q .0 

198.3 

2 »e 2 

2 

•IS 


•0 










1 





Q 

. ft 0 


163.5 

tft At 




■ 0 

1 

0*1 

IS 120 .) 

I 1 10.0 

1100-0 

( 3 * 0-51 

1 ) 27 . 50 ) 



(• 

• 0 ) 


0 . 

') 196 . 

sco.o 

360-0 

I R 7 - 6 

3«50 

3 

65 


•0 



f iinflt; • } 



< 

[ 123 . Sq) 



1 

-•Ol 



1 M 9 A ft 

ftQ 

^ra ft p 

3 An . o 

1 7 kmH 


3 

70 


to 

< 

0 .) 

(Slis.) 

1 ISO.O 

lMO -0 

1 388.81 

1 Tl.SO) 



1 

• 0 ) 


0 . 

ICSO. 

600. 0 

380.0 

<• 86.8 

■*•21 

3 

75 


• 0 



< • 1 

A<if) ftQ 

- 

( in 7 A. 31 ^ 1 *<a.SDl. 



( 

-•o) 



BQ 8 • 

600.0 

380.0 

•( 6.7 

• SO. . 

1 

10 


•0 . 

( 



0 .) 

( 2760 . > 

25 S.fl 

2 mS .0 

( 102 .’) 

1 17 , 80 ) 



1 

• 0 > 


0 . 

0 . 

• 0 

•0 

9.1 

. 0 ** 

1 

0 


• 0 

1 

__ 0 a ) 

t. 0,1 

.0 

...0 

1 20.01 

_J LaiaJ 



t— 

i 0 > 
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table 3-8 


•fftlUNCE concept rUNCTIOM M»T«IK 


JLnOE„*_NO,_*.i,l UnJHE_EOl.LECTIOHi?TMNsrER_l shuttle I, 


CONcttI US»6C.. 

nO« T|HE 


.CPNSUM4gUES_Aao_rUP*_ftE«Ul'!E"ENT5. 


-THER"*L_?E9HTS_ 


n 

o 

o 

O 


. USES/OiT_ 
HRS/USE 


*HTt 
TT^E „ USED 
1*1 -KG/USE- 
ILB/USEI 


rto* 

_1tL 


_PRESS , TEHP _ 
•HMhG- “DEO C“ 

-f i. 


_ COOUNT _MT leak 
-WATTS* -watts-” 
<BTU/hR) IbTU/HR) 


_ fLEe W«w RcOmTS wT/VOL RfOhTS arVfl OPWgHT WfSUfP LT'* 

COST 

WK rwR AVG WWR ~ - t 

_ ac AC wEi6”T yOLUHE Avail indEx «eight _ 

DC DC -KG- -CU H- (••) <•••) -KG- 

_^WA T T S, - W A T 1 5 • ^1 L B S )_( C 0_ F T J ( LBS 1 


^•.000 

,018 


..,0000 _ 
, 0000)1 zo.ooi 
-»3429..-87,o’- 


. .0 — . 2J ,l - 

,01 I 70,0) 

-,0 32,2 - 

( ,8000)1192,00) I ,0) ( 90,0) 


-2HSi 


0,1 I BMW,) 


.228,0 

l «,0 


-in.Q- 

18,0 


283,8 


I SB|,1) ( 


-^-, 2 S -. 

8,67) 


.50- 


.*0 — 
, 0 ) 


t 

2 

28,000 

.,018 

1 

(_ 

,0000 9,hR 

,0000) 1 .20,00) 

.0 

.0) I.. 

21,1 

70.01 

0, 

I n, ) 

1 

229. 

_7B1.» 

228.0 

-|8,0 

119.0 l2B,5 

lB,n ( 283,3) I 

.So 

17,50) 

2 

25 


•0 
• Qt 


i 

i 



9 

.U 

,IR97 36,29 ,0 32,2 

,3300) 1 .80,00) I .01_l_.9O.Ql 













1 

1 o „ 

3 

28.000 

, 


,0000 .. 9, MR 

.0 .. 

.21,1 . 

. 


229. 

.228,0 

119,0 

1 12,S 

lOS 


Ifl 


• Q 


1 


.018 

9_ 

( 

.0000)1 20.00) 
_.)r97 -36. 2’ 

I .0) ( 
,0. 

70.0) 
3 2,2 . 

( 0,) 

( 

781,) 

1«.0 

)8.0 

1 2**8,0)‘ ( 

1,79) 



1 

• 0) 






( 

.3300)1 BO.qO) 

1 .0)1 

90,0) 













> 

R 

28,000 

,018 

1 

-i- 

.0000 9,rR 

,0000)1. 20, OO) 

,0 

-J ,0) ) 

21,1 
70, 0» . 

0, 

J .0,) 

J. 

229, 
78 1 , ) 

218.0 

10,0 

110. 0 
10,0 

108,2 

( .238,8) ( 

,09 

. 3,15) 

2 

35 

( 

,0 

,Q) 





9 


,IR97 36,29 

.0 

32,2 

















i 

• 3300M 80.001 

L_.0) 1. 

90,0) .. 













. 


28.000 

_ 2 


,R296 ,3» 

.0 

?1 ,). 

0* 


Q,_ 

.0 

<0 

2S),8 

-,09 

1 

10 


,0 




.029 


1 

,9r70M ,71} 

( .0) 1 

70,0) 

( 0.) 

1 

0,) 

.0 

,0 

( 5SR,7) 1 

3, )7) 



1 

*0) 



r 

o 

o 




*^PtI»NCC 

_CONCCWT._ 

NO. 


,9-S 


|2 


concept nanc 
stanouP urinal 

COMmOOE urinal 

INTIMXTC male adapter (SKTLAB) 

aperture urinal 

LIOuIO/GAS flow cuff tTPC (APOLLO) 


(*) 


I - CABIN AIR (CIRCULATED). LITERS/SEC (FT^/MIN) 


2 - CABIN AIR 

LOST) 

KG/HR 

LB/HR) 

3 - OXYGEN 

LOST) 

, KG/HR 

LB/HR) 

4 - COOLING WATER 

CIRCULATED), KG/HR . 

LS/HR] 

5 - WATER 

LOST) 

, KG/HR 

LB/HR] 

6 - NITROGEN 

CIRCULATED). KG/HR 

LB/HR 

7 - NITROGEN 

USED) 

, KG/HR 

LB/HR) 

8 - FREON 

CIRCULATED), KG/HR 

IB/HR] 

9 - WATER 

PROCESSED) . KG/HR 

tLB/HR) 


(a*) AVA1LABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

(4) EXTENSIVE DEV. REQUIPID 


(***)COST 

IN'DICATOR 

0-25S 

25-50S 

50-75X 

75-lOOX 


-c ^ 






cn 
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1 


^ . 


_TA8LE-^9- 


_APftI*NCt. concept function PaTRIX^. 


INOCI NO. Z*|*3 •••• V0MITU5 COLLECT |0N/TRANSFER (SHUTTLE) 


concept USaCE 
MOj T1ME_ 


consohables ano plo" requirements 


THERMAL REOMTS 


CLEc PRR REQhTS RT/VOL REQmTS DEVELOPMENT RcSUPPlT 
COST 






AMT. 





.pk Par 

AVG PAR 





o 



OSES/OAY 

Type 

USED FLO* 

PRESS 

TEMP 

COOLaNT 

.HT leak 

aC 

AC 

weight VOLUME 

avail 

INDEX 

weight 




.hrs/use 

(•) 

• KC/USE- .. • 

.MMHS- 

..-DEG C-. 

_ ,*ratts- 

_-RATTS- 

DC 

OC- 

«KG-_. -CU H- 

{«*) 

(••• ) 

-KG- 


o 




ILB/USE) (•) 

(PSIQ) 

(DEG F) 

(9TU/HR) 

(BTU/HH) 

-aatts- 

-watts- 

(LBS) (CU FT» 



(LBS) 

~ O 




o 















O 


1 

.5*0 

1 

.0000 T.NM 

.0 

21 •) 

0. 

0. 

.0 

• 0 

.* .01 

. 2 

2* 

.0 




• 01& 

i 

.0000) (- 20.001 

.0). 

_l_7Q.O). 

0.1 t 0.1. 

•0 

iO t_ 

1 .3) .( ..MO) 



( .0) 


o 

3 

.560 

1 

.0000 7.R3 

.0 

2lit_ 

0. 

0. 

.0 

.0 

.7 .0) 

2 

25 

• 0 

o 

o ^ 


• 0I« 

1 

•0000)( 20.00) 

( .0) 

( 70.0) 

( 0.1 

( 0. ) 

• 0 

• 0 1 

|.4) ( .33) 



( .0) 



3 

• 560 





0. 

0. 

• 0 

• 0 

• 5 ,00 

1 

0 

.0 




• 016 





i_ -O.Jl. 

1 0..L 

.0 

. . *0 .J.. 

1 . 2 ) ( .on 



( .0) 


o 

N 

.540 

1 

•0000 T.5S 

• 0 

2l!l_ 

0. 

2<t9. 

2S0.0„ 

180.0 

10.0 .03 

2 

2.0 

• 0 




• 014 

( 

• OOOOU 20.00) 

( (O) 

1 70. 0) 

( 0.) 

( «52.) 

• 0 

• 0 1 

22.0) ( .72) 



( .0) 





s 

• 22&S 2H*9S 

.155 1 • R_ 

2 1 • 1 











• 


1 

•5000)( 55*00) 

(30.0) 

( 70*0) 











Cn 


appliance 
_CONCEPT _ 
NO, 


concept 


N A M E 


I • intimate personal ADAPTORiDISPOSABLE (mates with COHMODEI 

.2 ? intimate personal. adaptor. disposable. (mates RlTM COHMODEL 

3 • portable disposable collector (TYPE USE COMMERCIALLY) 

R * " E.US A B L E_PO R L4 B U.E_CD W W E C J. OJ 


.{*) 


1 - CABIN AIR 

(CIRCULATED), LITERS/SEC 

(ftVmin) 

2 - cabin air 

(LOST) , KG/HR 

(lb/hr) 

3 - OXYGEN 

(LOST) , KG/HR 

(lb/hr) 

4 - COOLING WATER 

(CIRCULATED), KG/HR 

(LB/HR) 

5 - WATER 

(LOST) , KG/HR 

(LB/KR) 

6 - NITROGEN 

CIRCULATED). KG/HR 

LB/HR) 

7 - NITROGEN 

(USED) , KG/HR 

(LB/HR) 

8 - FREON 

(CIRCULATED), KG/HR 

(lb/hr) 

9 - WATER 

(PROCESSED) KG/HR 

(LB/HR) 

{**) AVAILABLE 

(***)COST 


INDICATOR 

(1) AVAILABLE 

0-255 


(2) STATE OF THE ART 

25-505 


(3) SOME DEVELOPMENT REQUIRED 50-75X 

- 

(4) EXTENSIVE DEV. REQUIRED 75-lOOX ‘ 


•A 
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,* * 


TABLE-3-1Q- 


»^^LUNCC CONCEPT EONcTIOn M»T«I* 


C“> 


Index no. z.z.i •••• *HOtc boot sho«er «shuttv.e» 



_C«"CCi?I 

NO, 

US.Gr 

,"0N5UM..LrS .Nn FLOW RtSUlPrKrNTS 

TheRm.L ifQHTS 

tLtr PWP PeOn.T.? 

WtT/VOu 

RrONTS ^.rVpLOPMfNT 



time 









COST 




OSES/0*T 

TYPE 

*MT. 

USED FLOW PRESS 

TEH? 

coolant 

HT leak 

PK PWR 

AC 

AVG PWR 
AC 

WEIGHT 

VOLUHE aVaIL 

index _ 

•EIGHT 

n 


MBS/VSE 

I*) 

-XG/USE- • -MMRG- 

ILB/USEI |«1 (PSIGI 

-OEG C= 
fOEG F) 

-WATTS- 

(BTU/HR) 

-watts- 
(BTU/HR) 

DC 

_-WATTS- 

OC 

-WATTS. 

-KG* 

(LBSI 

-CU M- (••) 

(CU FT) 

( •** ) 

-KC- 

(LB5) 

o 













0 


1 

^ *000 

1 

_ .0000 _.2I .2*1 _ . .0 . 

.OOOOH *t5.00) ( .0> 

21.1 

317. . 

. 2»2. . 

250.0 . 

.250.0 - 

-.833.0 

2.81 . .1 

„2S 

.0 

o 


• 250 

i 

C 70*0t 

41^ A 

( 1088.) 

( t»7.) 

16.0 

16.0 

( 958.6) 

( 85.03) 


< .0) 

o 



T 

5.000011 ' .001 (30.0) 

(105.0) 










- 

4*000 
■ 7^0 

t 

.0000 221.81 .0 
. .OO0OM*(7O.0Ol_. 1 .0* 

2.2«,80 . .00 1551. *( 

S.OOOOII .00) (30.0) 

21.1 
< 70.0) 

866S. 

(I$83l.) 

78. 

.1 271,1 

5370*0 
18. 0 

S370tQ 
I6f0-.. 

359.3 
1 .792.0) 

2.20 2 
J-77.57j__. _ 

io 

,0 

1 ,07 .. 

o 



1 

80. i 
(105,0) 








3 

4 *000 

» 

2 . 2*80 .00 1551.8 

8Q.* 

. -128, 

988 , 

337.0 

..» 0 ... 

761.6 

. 2.69 __1__ 

_15 

,0 



.250 

1 

5. OOOOH .00) 130.0) 

1105.0) 

I 828.) 

(3378.) 

.0 

• 0 

( 1679.0) 

( 9S.08) 


1 ,0) 


N 

P.OOO 
• 250 

f 

( 

2.T21* .00 1282. » 

*. OOOOH .00) (25.01 

81.1 

(106.0) 

77, 

( 2*8.) 

282. 

I 897.) 

99.0 

.0 

86.0 

.0 

398,0 
( 868.6) 

1.73 1 

( 61,11)._. 

S 

,0 

( ,0) 




r. 


o 

b 


»PPLt»NcC_ 
“ CONCEPT 
NO, 


{*) 


concept 


NAME 



(CIRCULATED), LITERS/SEC (FT^/MIN) 
ae/HR) 
(LB/HR) 


CABIN AIR 
CABIN AIR (LOST) , KG/HR 

OXYGEN (LOST) , KG/HR 

COOLING WATER (CIRCULATED), KG/HR 


WATER (LOST) , KG/HR 
NITROGEN (CIRCULATED), KG/HR 
NITROGEN (USED) , KG/HR 
FREON (CIRCULATED), KG/HR 
WATER (processed) , KG/HR 


(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 


(**) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

(4) EXTENSIVE DEV. REQUIRED 


(***)COST 
• indicator 

0-25t 

25-502 

50-752 

75-1002 
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Ca> 


ro 


INOEI NO* 2<2*I •••• rARTUU boot BtSHlNft ,ShUTTUC| 


TABLE 3-11 

,...*fPLl*NcE. concept rUNcTION. PaIRIR 


i ^ 

) 

i O 

I 

‘ o 

: o 


concept usage 
-^NO, Tint 


consumables aNO PlOb REuUlRencNTS 


thermal RtuHTS 


AHT, 

uses/oat ttpe used flOr 

-MRS/USE L«J ).lt&/USE- ! _ 

|LB/USE» l») 


PRESS TEMP 
--MHHG-.-DEG Cr_ 

JPSlGI toEG F) (BTU/HHI chTu/M«I 


coolant ht leak 
.-WATTS” ”» ATTS”_ 


ClCC PWR REhllTS aT/VOL REUHTS OCTELOPhENT RESUPPLT 

COST . 

PA PnR AVG PwR _ 

aC AC WEIGHT VOLUME AVAIL InUEX BEUHT 

DC OC “KG” r.CU_M“ 1_**J -KG” 

-,aTtS- -aATTS- iLbSI icu FTI IL6S| 


aO.OOO 
.03T- 


. 1 . 


• 000 ] 

-•0007 I I 

• 22&a 

.5000H-_ 


.00 .0 21,1 

• ooi — I — toi_.i_Jo.oi i_ 

>Oo ISSItM - .0 

,Ool .. uo.oi-l .01 


los. 

.360.1- 


27«. 

-I- 9<tBi 1- 


soo.o 

. 0 . 


2S0.0 

.0- 


y3).A .40 2 

sis. 0 1 I 2 1 . 20 ) 


30 


WO.OOO 5 »0IDT 

• 037 I .02H0M 

y .2268 

I .SOOOM 


WO.OOO 
- .017- 

-N0.300 — 
.317 

WO.OOQ 
.017 . 


I Oo 

■ Oo } 


l.O . 

I .01 I 


rOl — ISSl.M 

>021 410.01 I 


• 0 los. 278 . 

>01 ( 360.1 I-9W8.I 

,0 r- ^ — 

. 0 ! 


sol. i 

.0 


2<l0.0 

.0 


_ 208. I 
I WS8.8I 4 


_ .10 2. 

3.601 


30_ 


.0227- — 

I .OSOOil 

. 2268 

.1 — .50001 4 


.wO.OOO_„1 *2266 _ 

•017 4 .500014 


appliance 

— TBHCCPT— 
NO. 


C) 


concept name 


«at- 


— > 


1 - disposable wet wipes 

-2 — reusable wet wipes 

3 - OISPOSarLE wipes IPREPACFaGEOI 

_s — ■ automat ic-SPON&e 

s - 

-* — •_ 


(CIRCULATED), LITERS/SEC (FT^/HIH) 
( LB/HR) 
LB/HR 


1 - CABIN AIR 

2 - CABIN AIR (LOST) , KG/HR 

3 - OXYGEN (LOST) , KG/HR 

4 - COOLING WATER (CIRCULATED). KG/HR 


reusable washcuoThes 
-OISPOSabLE.JAASHCLOTHES.-LSkTlaBI. 


5 - WATER 
•6 - NITROGEN 

7 - NITROGEN 

8 - FREON 

9 ” WATER 


(LOST) . KG/HR 
(CIRCULATED), KG/HR 
(USED) , KG/HR 
(CIRCULATED), KG/HR 
(PROCESSED) , KG/HR 


(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/KR) 


.0 

• 0) 


• 0 

• 01 



. 1 

0. 

— O.I 1 

Of 

0. 1 

• 0 

.0 . 

• 0 

.0 

•43.5 .06 1 

1 96.01 1 2.201 


I 

• 0 

• 01 

.00 — ^tbSKH -.0 


. *(22. 

- lit 

S2.U 

32.0 

28.0 

• 0*4 2 

50 


• 0 

•OOI 130.01 < .01 

1 

iiMO.i 1 

37. I 

.0 

• 0 

4 61.71 4 

i.sn 


( 

• 01 

•Oo I5SI.H .0 


los. 

278. 

sno.o 

2H0.0 


• 20 2 

30 

— 

• 0 

• QOl 1 30.01. 1 .01 

1 

360.1 . I 

f H6t 1 

.0 

• 0 . 

. 4 1205.61 4 

. .7.201 


1 

.01 

.Ob_I«lOiO 5I.7, . 


- 32. 

30. 

_ 57.5 

.0 

2 1 3 • 9 

•29 1 

5 


• 0 

•Ool 135.01 II2S.0I 

c 

no.) 1 

101 • 1 

1 40.0 

.0 

4 «7|.61 4 

10.101 


t 

• 01 


(**) available 

(1) available 

(2) state of the art 

(3) some development REQUIRED 

( 4 ) EXTENSIVE DEV. REQUIRED 


»*)COST 

INDICATOR 

0-25S 

25-505 

50-755 

75-1005 


O 

O 

o 

o 

o 

o 

c 
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TABLE 3-12 

concept rUNCTtON HATftlK 


jNOtH_NO, Z.2.3 •••• fA»n#W_BOOT..O«TIN« ISHUTTtn.. .. 

t 


1 

CONCEPT 

usase 

CONSUHABLCS AND PLOP 

PE0U|PEKENTS 

thermal 

REOmTS 

EUEC PWR 

PEOmTS 

_ PT/VOL 

PEOMTS OEVELOPMfNT 

»E5URPl9 

» 

NO, 

tine 










cost 







AMT, 



■■ 


■ 

PK PRR 

AVG PRR 


■ 



i 


USES/OAT 

TYPE 

USED PLOP 

PRESS 

TEMP 

coolant 

MT leak 

AC 

AC 

PCIGHT 

VOLUME aVaIL inoe* 


WEIGHT 



MRS/USE 

(•> 

•KG/USE- • 

-HMH6- 

-OEG C- 

-RATTS- 

• 

watts- 

DC 

DC 

-KG- 

-CU M. <••) («••) 


-KG- 





— 

ILB/USEl !•) _ 

IPSIG) 

IDEG n 

(BTU/HR ) 

(BTU/HR) __ 

-ratts- 

-WATTS- 

ILBS) 

ICU PT) _ 



ILBS) 

1 o 














f t • 


i 

1 

TO. 000 

5 

3.1298 .00 

. *0 

. .. .0 _ 

25, 


198, 

*7.2 

• 0 

2S82>8 

• M 1 5 


,0 

o 


• OSA 


( *,Y00Qir ,00> 

( ,0) 

1 ,0) 

1 85.) 

( 

*75. ) 

• 0 

,0 

15*93.9) 

1 5.12) 

“T 

,0) 


2 

TO.OOO 

S 

•Olil ,00 

• 0 

,0 

0. 


0, 

• 0 

,0 

19.* 

,17 1 S 


,0 

o 


•05* 


1 ,a2<4SH ,00) 

1 ,0) 

( ,0) 

( 0.) 

( 

0.) 

,0 

• 0 

( M3.1) 

1 5.8T) 

( 

,0) 

0 

3 

T0.000_ 

1 

,0000 70,79 

.0 _ 

21,1 

, 0, 


74, 

1725,0 

. . »0 

. . 7.3 

_t02 .1 3 


,0 


• 01* 


1 ,00001(150,00) 

( ,0) 

( 70.0) 

< 0.) 

1 

2*1.) 

,0 

,0 

1 >*.0) 

1 .S3) 

1 

,0) 


r> 


APPUANCC 

CONCt^T_ 

NO," c o'”n cept nahc 


I - PCUSA8LE OPT PIPES 

* _• _oisposabue opy_»ipes 

3 - CLECTPIC ORTEP 


(*) 

I - CABIN AIR 
• 2 - CABIN AIR 

3 - OXYGEN 

4 - COOLING WATER 

5 - WATER 

6 - NITROGEN 

7 - NITROGEN 

8 - FREON 

9 - WATER 


(CIRCULATED). IITERS/SEC (Fr^/HIN) 
(LOST) , KG/HR (LB/HR) 

(LOST) . KG/HR (LB/HR) 

(CIRCULATED), XG/HR (LB/HR) 

(LOST) , KG/KR (LB/HR) 

(CIRCULATED), KG/HR (LB/HR) 

(USED) , KG/HR (LB/HR) 

(CIRCULATED), (CG/HR (LB/HR) 

(PROCESSED) . KG/HR (LB/HR) 




a. 


*9,^ 

# 


'A'* 


(**)AVAILABLE 

(***)COST 

INDICATOR 

(1) AVAILABLE 

0-25S 

(2) STATE OF THE ART 

25-50S 

(3) SOME DEVELOPMENT REQUIRED 

50-755 

(4) EXTENSIVE DEV. REQUIRED 

75-1005 ■ 


r— 


I 
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TABLE 3-13 


-n-i 


APPLUNCe concept function «*tru 


lNOEANO< 2.3.1 ••••. SHaVTNO ISHUTTLCt 


O 


<*> 

I 

ro 

<r> 



concept 

usa&e 

CONSUhABtES 

AND FLO* 

RCRU|KEHENT5 

thermal 

ReOHTS 

ELEC P«R 

REOHTS 

■T/VOL 

ReRhTS oeVe^^OPmenT 

RESOPPlT 


NO. 

« • > 

UME 










COST 


•-V 




AMT • 





PK PAR 

AVG PAR 


• 




USes/D.T tvpf 

USeO 

rcoH 

PRESS- temp . 

-COOLANT 

HT LpAlC 

ac - 

.. AC . - 

_»EJ 6HT 

volume avail i.SDpX 

•eight.. 



HRS/USC 

IBI 

-AG/USE" 

• 

-I1I1HG- -OEQ C" 

— aTTS- 

-aaTTS- 

DC 

oc 

-KG- 

-cU M- I...I 

-KG- 

o 

— 



(Ld/bSEI 

(•I 

iPsiG) (oec p) 

IBTU/HNI 

IBTU/HK) 

-*aITS- 

-RATTS- 

(LdSi 

UU FT> 

ilbSj 

o 

— 

-- 

— 


. 

- - 









1 






Q 






_ 

o 


.100 





1 0. 1 

( 0. ) 

.0 

•0 ( 


* 0 u 0 0 

1 ‘JG* 

1 *0| 


Z '••oOO 

1 

• uOOO 

N.72 

•0 2|.| 

0. 

12* 

30.0 

30. 0 

2.2 

•01 0 10 

•0 

o 

* - 

- *100 — 

1 

- *000011 

l0«00) 

( *01 ( 70*0> 

( 0*1 

I 41*1 

1 |S.u - - 

.0 I 

- — 4 • 7 » 

I - -•42» — 

( - »0) 













. #*.. ^ ^ 

. _ 

o 


• 100 





1 . 0*> 

( 0 • ) 

• 0 

•0 i 

1 *0) 

t >02) 

1 «0I 



i.uJO 

1 

• uOOO 

2|.7| 

•0 2t«l 

0- 

0* 

•0 

•0 

• 2 

•Uu 0 10 

•0 

~ 

— 

.100 — 

( 

— .Ouoaii 

MA.OOi — 

-I »0i 1.70.05 — 

1 t.l 

. 1 . 0*1 — 

,0 

• 0 -< 

- .4> 

c . _ .301 . 

( — .01 

" 

S 

a .Aiuo 

1 


4.72 

■a ziti 

u* 

1 



I 

• fill t} 1 <; 




.100 

( 

• OuOOM 

lO'OOl 

1 *01 ( 70.U) 

1 0.1 

< 41.) 

-- 

i IS.O 

•0 « 

2>8I 

1 • lu» 

0 

( *01 



(*) 


APPLIANCE 
__COrtC£PT_ 
NO . 


concept 


name 


1 - CABIN AIR (CIRCULATED), LITERS/SEC 

2 - CABIN AIR (LOST) , KG/HR 

3 - OXYGEN (LOST) , KG/HR 

4 - COOLING WATER (CIRCULATED), KG/HR 

5 - WATER 


i 

W 

•ET shave RlTrt SAFETY Ra20H ANO CREAH 



6 - NITROGEN 

(CIRCULATED), KG/HR 

2 

• 

nnr ShavE.llElTk 1 c Razor/ VacUuh^COLLceT lOH - 



7 - NITROGEN 

(USED) , KG/HR 

3 

m 

ORT SmAvE-AINOUP razor 



8 - FREON 

(CIRCULATED), KG/HR 

4 

m 

ORV Sh^VE-VaCUUH UrIVen razor 



9 - WATER 

(PROCESSED) , KG/HR 

S 

m 

•ET ShAVE-SaFETY HAZOk/VACUUM 






(n^/Kiri) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 


(***)COST 


(«*) AVAILABLE INDICATOR 

(1) AVAILABLE 0-25S 

(2) STATE OF THE ART 25-50S 

(3) S0X.E DEVELOPMENT REQUIRED 50-75S 

( 4 ) EXTENSIVE DEV. REQUIRED 75-lOOX 
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o 
o 
o 
o 
o 
‘ 0 


TABLE 3-14 

*fPLUMCC concept function h*tpix 


JNOCX NO. 2<)>2 •••• . M*IN_ CUTTINC JSHUTTUE| 


CON CEPT US*SE 
MO. TIME 


.C?NSUMABLES_aNo.ri.O». requirements. 


.Thermal .ReOnTS. 


USES/DAT 

HRS/USE 


*MT. 

TtpE. used 
<»J -tCG/USE- 
lLB/UsEJt_ 


FLO* 


PRESS TEMP 
.MMHG- «OEG C» 


coolant ht lea* 
-*aTts« -watts. 


UAJ ieSlO )_IOEG_ Pl IBTU/HR)_(BtU/HR) r*ATTSr ?»*ITS= I LBS )_I CU.FT?, 


_ELEc..M»N- "^EOmTS ^*T>yoL_REQMTS_DC''ELOPMENT WfSUPPLT 

COST 

PK PWR AVG PRR 

AC AC Weight volume aVail.inde* .. "eight 

DC DC -KG- -CU M- !•••» -KG- 

CLB51 


-X .OTO 

.0*7 


0. 33. . 

I 0.1 < tlS«l 


So.o 

I IS.O 


.0 •» - .01 0 

•0 ( 2.0) ( .2S) 


• 1*0 
-.203-. 


0. 3* .0 

-0*» — ( — JIM— 115.0. 


-APPLIANCE. 

CONCEPT 
NO I 


C. O_N. C .E P-.T N A M E. 


1 ■■ » PO WER C LIPP ER/yA.CyUN_<;OLL EfTION 

2 - razor comb/vacuuh collection 


• 0 .01 0 

— .0 I - -1.51 ( —.251 


10 


(*) 


1 - cabin air (circulated), liters/sec (Ft3/HIN) 

2 - CABIN AIR (LOST) , KG/HR (LB/HR) 

3 - OXYGEN (LOST) . , KG/HR (LB/HR) 

4 - COOLING WATER (CIRCULATED), KG/tiR (LB/HR) 

5 - WATER (LOST) , KG/HR (LB/HR) 

•6 - NITROGEN (CIRCULATED), KG/HR (LB/HR) 

7 - NITROGEN (USED) , KG/HR (LB/HR) 

8 - FREON (CIRCULATED), KG/HR (LB/HR) 

9 - WATER (PROCESSED) , KG/HR (LB/HR) 


.0 

( .01 


O 

o 

o 

o 

o 

o 


• 0 

-•o> O 












■Q.rd 



(**) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

( 4 ) EXTENSIVE DEV. REQUIRED 


(***)COST 

INDICATOR 

0-25S 

25-50S 

50-75S 

75-lOOX 
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TABLE 3-15 

appliance concept function matrix 


-Index NOt z»3mt — teeth SKUSHiNa ismutilei 


.concept usage 
NO* time 


CON5U«*aLES and FLUR ReUUIMEMENTS 


THeNMAL NeMMTS eeEC P"R REUhTS WT/VOl REOhTS development RESUFPI.T 

COST 


. „ *NV* PiC PWK AVG PhR 

-UStS/DAf TtPE USED FLOW PHtSS,_-TEMP cOOLaNT HT LeaX aC AC WEIGHT-VOLUME AWAIL-INOe* *El6MT 

MRS/USE (•) -KG/USE” • -MMHG- »DE6 C” "WATTS- -paTTS- l,C Oc -sQ- "CU M- I»»»J -K6- 

- - iLe/USEl I«» IPSIGI IDEG FI IftTU/HRl ISTU/mR) -*aTTS- -WATTS- - »LBS» ICU FT! ILsS) 


IW.UuO 

- *081 


S *0S*7 *48 |SS|*‘I 21*1 

.I2S0U I*Sal UO»OI I 70*0I- i 


- 0* - 











c 

0*1 

I 

0*1 

• 0 

•U 1 

1M*0) ( 

I •20) 


a- 

I 

- « 0 — 
•01 

o 

0> 


8* 

2W.0 

•0 

1 *2 

•00 

1 

20 


•0 


, ft.l 

I 

27*1 - 

• 0 

- *0 —I 

2.7) < 

•07) 

--- 


• - 1 — 

•0) 

c 

0*1 

1 

7*1 

•0 

'<D I 

I3*0» < 

•37) 


"IQ- 

1 

-•0 — - 

•01 















^0* concept nahe 

I - toothpaste with dentifrice 

J p aTFR PjX 

3 • electric TOOThORUSM 


1 - CABIN AIR (CIRCULATED), LITERS/SEC 

• 2 - CABIN AIR (LOST) , KG/HR 

3 - OXYGEN (LOST) , KG/HR 

. 4 - COOLING WATER (CIRCULATED), KG/HR 

5 - WATER (LOST) , KG/HR 

6 - NITROGEN (CIRCULATED), KG/HR 

7 - NITROGEN (USED) , KG/HR 

6 - FREON (CIRCULATED), KG/HR 

9 - WATER (PROCESSED) , KG/HR 


(FT^/MIN) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

LB/KR) 

( LB/HR) 
(LB/HR) 

■( LB/HR) 


(**) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

( 4 ) EXTENSIVE DEV. REQUIRED 


((**) ***)COST 

INDICATOR 

0-25S 
25-50S 
50-75S 
75-lOOS ■ 
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TABLE 3-16 

»PPU*NCC CONCEPT rUNCTJON WATNI* 


INDEX -NO* 3.1 


-SURFACE' «}P I N« -| shuttle I 


O 

o 

fi 

ft 

ft 

o 

ft 

o 

o 

o 


D 


-concept — 0S*6E- 

NO. T|HC 


-CONSVn»fiLES-*HO-FtO«r-RE«U»REMENTS- 


-TMERHXt-RCOHTS- 


U5ES/0XT- 

MR5/USE 


-TTPE 

1*1 


-USED FLO* 

.KG/USE- • 


PRESS TEmP ■ COOLANT MT LEAK 
-MMHG- -DEG C- .AATTS* -RATT5- 
i -F I IBTOFHRT — T6TUFHR |- 


— Ettc-p*«-Rt«HTs--iTTrvot— RtonTs — pctecopnettT — ( rrsoP^cT r 

COST 

f 

PK par AvG par 

AC AC AEIGMT volume AVA |L I NOEX— «Cl 5MT , 

DC DC 'KG' *CU n- (•*) (v**! 'KG- 

— AATTS- ■AATT S, ( L8 S 1“ 1 CL^'f T } TC«51 


-ts.ootr 

• 037 


IS. 000 
— .037- 


3 15.000- 

.037 


IS. 000 
.03 7- 


-15.000- 
.037 


IS. 000 
--,037- 


-1-6.000- 

• 03 7 


• IS.OOO 

.037- 


-.0003 

.0007) I 

-11268 

.SOOOM 


-.00 .0 — 

•001 I .0) ( 

-TOO — rsms — 

•001 130.01 I 70.01 


.0003 

-.0007)1- 

.263) 

-TSBOOTT 


• 00 .0 

-.00»— V «0I-| 

.00 ISSl.H 2) 


.22AB 

-»5000)-t- 


.00 tSSI.'l 


-.0003 — 
.0007) ( 
-.2835 - 
.6250) I 


-. 00 - 
• 001 
-.00 • 
• 00 ) 


.0 — 

lOI ( 


.0003 
— lOQO/ ) I- 
.238) 


.5250) I .00>- 


*00 .0 
»00)-- I .0) ( 
.00 IBIO.O 


-.0003- 


. 00 - 


•0007)1 .00) 

2.5M02 .00” 

5.6000)1 .00) 


-.0 

I .0)1 
ISSI.I 51.7 - 
(30.01 t|2S.0) 


1 

105. 

— 278. -- 

500.0 

— 360.0 

- 112. 5 -- 

■ • A8 

~7 

30 


- .0 

0> 

360.1 

( TSB.) 

.0 

,0 

( 2RB.0) 1 

23.73) 



( 

.0) 

1 

01 











0 

105. 

278. 

500.0 

360.0 

103.0 

• 20 

2 

30 


.0 

ot 

1 

-360.1 TTRB.)- 

■ .0 

• 0 

-1“227.0I ■ r 

"7.101 



I 

• UI 

in 





— 37.1 — 

• 08 






Of 

- - 04 - 

tO 

• ,0 

1 

to 


• 0 

1 0.! 

1 0.) 

.0 

.0 

1 86.3) ( 

2.80) 



1 

.01 

I 

633. 

ti. 

52.8 

31.5 

78.7 

.11 

2 

SO 


.0 

07—1 

— 21 60rl — 

-( 3 7 r1~ 

• 0" 

• 0 \ IT 3 *01 

3 . 76T 



i 

* 

• U > 

0 

JOS. 

278 » - 

500*0 

*0 


f 2S 

2 

30 


' f 0 

01 

360.1 

< 

.0 

• 0 

( 250.5) 1 

6.77) 



I 

.0) 

1 

0) 











0 

32. 

30. 

57.5 

57.5 

100. 1 

• 22 

1 

5 


.0 

0 ) — 
7 

-1)0.) 

t • 1 0 1 • ) 

--IRO.O 

-• 1*10.0 

t 220.7) • 1 

7 • 1 



T 

"•or 

0 ) “ 











r 


— 27# r 

5U0«U 30TJT0' 

8 ^ 4 1 7 

— f» 7 6 

2 

' 30 


• O' " 

0) 

360.1 

1 TVB.) 

.0 

.0 

( JB22.5) I 

51.72) 



t 

• 0) 


2.b76v 
-6. 6 800 M- 


•00 I5S1.V 5). 7 
-.00 ) ( 30.01 — H 25.0)“ 


105. 27B. 

-360 r| 1— »NB.-7- 


600.0 

. 0 ' 


360.0 BI7.3 .TT 2 


30 


• 0 

• ui- 


^ 6 

— 15.000 5- 

— 

-2.577| 

— .00 — 

155). H - 

— 5).7 - 

105. — 

278. - 

500*0 

- 360.0 


• 037 

1 

S.7J0DI 1 

• 001 

<30.01 

< |25.Q) 

1 360.1 

( 778.) 

• 0 

.0 

ID 

IS.OOO 5 


2.5702 

.00 

18)0.0 

S).7 

32. 

30. 

57.5 

57.5 


>037 

•-4 

-5-r^06&H — 

— .00)— 

— )-35rOT- 

-l-HsTOt - 

— 1 

-t- I0I-.-7- 

J-**t)TO- 

nOTO- 


026. N - 1.03 

(IS26.3) I 36. 5S) 


-30- 


BtH. I 


1.01 


.0 — 

.01 


• 0 

T9T- 
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lABLEJ^iZ 

*P^tl*NCE concept PUNcT|On~NaTRIX 



INOEI 

NO. 3t2.J **•* HaNUaL 

USaSE consumables 

RCrUSf collection CSHUTTlEj 
and no* REQUIRENENTS thermal REt 








ReSOPPUV 

C 0 

o — 

concept 

IMTS 

ELEC P"P 

REOmTS 

WT>VOL RCQmTS 

development 

o 

NO. 

TIME 









COST 


o 

O — 



ANT. 

USES/0AY_TVPE USED _ 

HRS/USE <•> "KG/USE* 

ILB/USEI 

„ ftow_ 

• 

WJ 

_ PRESS TEMP 

-mhhs- -oES c» 
_.(P.5l0l (OES..ri_ 

_ coolant _ hT lea* 
-raTts» -ratts. 

(BTU/MRI IBTU.<HR1 

pk pwr 
_* c 

DC 

•WATTS- 

AVS PWR 
AC 
DC 

-WATTSr 

Weight volume 

' -tCG- «cu M- 
IlBSI (CU PT) 

avail 

index 

(•••> 

■ EIGHT 

• KG- 

(LBSI 

- o 

o 














o 


- 1 . 

.000. 



0. 

0. 

.0 

-•0 

A. A 

.09 

1 

0 

..0 

- o 

o 


.000 



I O.t 1 

0. > 

.0 

•0 « 

is. At 1 

3.0SI 


1 .01 


2 

.000 



0. 

0. 

.0 

• 0 

10.3 

.19 

1 

0 

.0 


o 


.000 



t OtL I. . 

0« ) . 

.0 

•0 J 

22.01 i 

A.83) 


( .0* 

o 


.3 . . 

- .-•000 , 



0. 

0. 

.. *0 

•b 

7.3 

.07 

1 

0 

• 0 


o 


.000 



1 0«) 1 

o.t 

.0 

• 0 ( 

lA.l) 1 

2.391 


( .0} 

- c 


0 


applUnce 

_eoNCCP.T 

NOt C 0 H C E P T N AH E 

i « ofsPOSABLC TP*5H BAS 

Z • REUSABLE BASTE RECEPT IC|,ES 

J ^ disposable waste recepticles 



CABIN AIR 
CABIN AIR 
OXYGEN 

COOLING WATER 

WATER 

NITROGEN 

NITROGEN 

FREON 

WATER 


(CIRCULATED), LITERS/SEC (FT^/HIN) - 
(LOST) , KG/HR . (LB/HR) 

(LOST) , KG/HR (LB/HR) “ 

(CIRCULATED), KG/HR (LB/HR) 

(lost) , KG/HR (LB/HR) ~ 

(CIRCULATED), KG/HR (LB/HR) 

(USED) , KG/HR (LB/HR) “ 

(CIRCULATED), KG/HR (LB/HR) 

(PROCESSED) , KG/HR (LB/HR) “ 


(***)C0ST 


_ (**) AVAILA ALE INDICATOR 

(1) AVAILABLE 0-25S 

- (2) STATE OF THE ART 25-50% 

(3) SOME DEVELOPMENT REQUIRED 50-75% 

(4) EXTENSIVE DEV, REQUIRED 75-100% 
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TABLE 3-18 — 

*i^PU I »NCE concept EUnCTION MAIRTiT 


lNOt«_NO,. 3.1,1 .••••^_y*CUUH_«CrUSE_COULECTlON., ISHUTJtE) . . 


C^NCC-PI US*(it__cON5UH*el.E5_*Nc~rtPJI_REQUllR£MENTS THtPMAU_RE8«TS fLEc -P*»-"E« mTJ »TE.yOL_»EOHTS oe'''eLOP"cNT .tfSUpP^ 

NOt Tjme cost 


n 

— 

USES/OAT 

MRS/USE 

ANT, 

_TyPE U5EO 

(•) .KC/USE.^ 
_ __«Le/uscj 

_FU0". 

* 

(•) 

PRESS 

-mmhs- 

IPStP> 

tehp _ 
~-0EG C- 
fPEG.PI 

__ COOLANT 
• PA T TS» 
IBTU/HRI 

HT leak 
-»ATTS- 
(BTU/HR) 

PK PpR 

AC _ 

oC 

-paTts. 

AVG PWR 
AC 

OC 

•"aTts- 

PEtGHT volume 

' -kg- -cu m- ■ 

«LBS> tCU FT| 

avail 

INDEX_ 

(...) 

•eight 

-RC- 

(LsSi 

n 

• ••• 















1 

S,000 

• 




n t 

.77, 

. ,0 . 

. f 0 

1 TiR <07 

1 

s 

*n 

o 


• oei 





1 0. 1 

( 2«2,) 

ns«o 

•0 « 

30«*'l < *771 



( <01 


t 

s.ooo 





0> 

uo. 

210.0 

• 0 

1.« .01 

I 

20 

• 0 

o 


.OBI 





1 0.1 

LSS6, 1 

*,o. 

L 

IQ.O) L- . »30J 



1 ,ni 


4 

-S.OOO 

T .A1|H 

.■I.S'I 

tO 



n* 

»0 ■ 


..^4*9 « Q ^ 

4 

2% 

• 0 

o 


.OBI 

1 I.37QOM 

lO.oOt 

1 .6) 

1 70. 0> 

( 6 . > 

( o<) 

,0 

• 0 » 

ll7,5) « »r7> 



( .01 


i 9 




APEuiiNCE 


CONCEPT 


(*) 


•% 

NO, 

c 0 N C E p T N A N E 

1 - CABIN AIR 

(CIRCULATED), LITERS/SEC (FT-’/MIN) 



• 2 - CABIN AIR 

(LOST) , KG/HR 

(LB/HR) 

1 - 

VACUUM cleaner (SKYLAB) 

3 - OXYGEN 

(LOST) . KG/HR 

(LB/HR) 

2 • 

VACUUM cleaner icommericali 

4 - COOLING WATER 

(CIRCULATED), KG/HR 

(LB/HR) 

3 - 

VACUUM cleaner. VENTEO To space 

5 - WATER 

(LOST) , KG/HR 

(LB/HR) 



6 - NITROGEN 

(CIRCULATED), KG/HR 

(LB/HR) 



7 - NITROGEN 

(USED) , KG/HR 

(LB/HR) 



8 - FREON 

(CIRCULATED), KG/HR 

(LB/HR) 



9 - WATER 

(PROCESSED) , KG/HR 

(LB/HR) 


O O 


n 


/Q . wj 


(**) AVAILABLE 

(1) available 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 


(***)C0ST 

INDICATOR 

0-25X 

25-50S 

50-75S 




(4) EXTENSIVE DEV. REQUIRED 

75-lOOS ■ 


■ — — 





CO 


> 


I 
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TABLE 3:^9 


■i 


; *PPtl*NCc.CONCE^f fUNCTION HaTJ^IX 


INDEX NO. 3.2,*l •••• REFUSE PROCESS INC "rSMUTTLE > 



CONCEPT 
NO. — 

' US*CE 
tine 

CONSUHaBLES aNo 

FLO* 

REQUlPENENTS 


thermal 

RcOmTS' 

ELEc 

REOrTS RT/Vol 

RE9nTS‘" 

OE'^ELOpmcnT 

COST.... 

ReSupplt 


• •• 



• 

ANT. 




• 



pk pwr 

AVG pWR . 


avail 

(••) 

INoeF 

(•»•)_ 





USES/OAT~ 

HRS/USE 

'TTPE 

(•) 


USED FLOW 

•kg/use- • 

PRESS 

-MHHQ* 

TEMP 

-oeg C- 

COOLanT 

-watts- 

HT leak 
-watts- 

aC 

cc 

AC Weight 

DC -FG- 

volume 
- cu n- 

WEIGHT 

-KG- 

0 — 





(LB/USE) 

lO 

(PSlG) 

(DEG F) 

(BTU/Hr) 

IBTU/MRI 

-watts- 

-watts- ilbs) 

(CU FT) 




(LBS) 

0 




















1 

2*0X0 

mffll 

i 

L 

f OOQO 

• 0000) i 

• 00 
• 001 

le io.o 

13S.0). 

21.1 

!_.7D»01 

L_ 

0. 

0. ) 

0. 

1 „ . 0 * ) 

.0 

10.0 

.0 3’.0 .08 

.0 1_.77.2I _1 . 3.00) 

• 2 

30 

__1 

.0 

.0) 

0 — 

2 

2*0X0 

_z. 


• fll43 

• nn 

.0 

• n 



0. 

tO 

_(Q 3*1*) 

.09 

2 

_3C 


.0 

0 . 


• OlT 


I 

' .03A0M 

.00) 

1 .01 

I '0) 

( 

o.i 

1 0. ) 

10.0 

•0 < 60.3) 

1 3.20> 



{ 

• 0) 


3 

2.010 








0* 
0-* ) 

50« 

7N5*o 

• 0 

7lS.o 37.3 

.0 1 82.2)- 

• 0 fl 

t -.. 3 . 00) 

2 

30 


• 0 

. .0) 

0 — 


9. 1 iq 








0. 

,0. 

. .0 

..•0 12.9 - 

fU 

2 

.50 


• 0 

0 


• OiT 







( 

0^ ) 

< 0. ) 

.0 ■ 

•0 ( 28.5) 

1 11.10) 



1 

• 0) 


' s 

2.OI0 

oOlT 

1 

i_ 

.0000 
• Onnql r 

.00 

.001- 

• 00 

1 • 1 0 • 0 2 1 . 1 
f3S.O) < 7o.nl 

L 

0» 
.Ot ) 

IM9. 
5o’» )- 

7<(5.o 

10.0 

715.0 *9.1 

- 10.0 1.152.2). 

.13 

1.60) 

2 

10 

—I. 

*0 

-.0) 


4 

2.010 

• 2 


.0IA3 

• 0 

•0 


0. 

M9. 

715.0 

715.0 *9.7 

.13 

2 

10 


.0 



• 01 T ■ 


7 

.03«0> ( 

.00) ~ 

( .0) 

< «o) 

1 

0.) 

< 509.) 

10.0 

10.0 1 153.7) 

I i.*o) 



1 

. .0 ) 


7 

2.010 
• 017 








0* 

0 . ) .. 

199. 

( 678.) 

715.0 

.0 

715.0 71.3 

... .0 1 157.2) 

• 13 

t ,1.40) 

2 

10 

_( 

.0 

»o) 


B 

*. I eo 








0. 

IN9. 

715.0 7l5.0 16.9 

.15 

2 

_10 


• 0 



• 017 







i 

0. ) 

( 5q9.J 

• 0 

•0 1 103.1) 

( 16.00) 



1 

• 0) 


t 

2.000 
1 2 .qqo 

“1 


.0000 t 

.000011 20 

.■••I 

.00i_ 

• 0 

( .0) 

»0 

t .0) 

1 

0. 

0. ) 

139<4. 

(*(760.) 

HOO.O 
.0 „ 

•0 65*0 

•0 187»S1 

1 .83 

1 *1.50) 

3 

60 

L 

.0 

• 0) 


I n 

2*000 

3 



• no 

• 0 

21m 


0* 

999. 

lOCO.Q 

•0 113.0 

1.77 

3 

65 


.0 



12.000 


7 

1 .2830)1 

• 00) 

1 .0) 

1 70.0) 

1 

0.) 

(3H to. ) 

• 0 

•0 ( 219. 1 ) 

( *2.60) 



1 

.0) 


II 

2. 000 
1 2.000 

3 

j 

. I70A 

• 00 *0 
• 00) 1 .0) 

2IM 
< '0*DI 

J 

0. )2’t* 

0.1 f8'*0.1 

HOO.O 

• 0 

• 0 94 « 1 

.0 L.211.9),. 

1.31 

I 1‘.30) 

3 

To 

( 

.0 

.0) 


12 

2.000 

3 




.229 1 

•no A20S8.D 

21 >1 


0* 

• 99. 

’00_ifl 

.0 253.0 

2.13 

3 

76 


.0 

~ 


12.000 


7 

• SOSOI ( 

• 00) 

lt00«0) 

i 70*0) 

( 

0.) 

(3070. ) 

• 0 

.0 1 Ss7.7) 

( 75.30) 



( 

>0i 


> 


I s 


t 


D2-118561-1 


3-37 




TABLE 3-19 (concluded) 


.«PPLI»NCE_. . 
CONCEPT 


CON C C-P T- 


M C- 


.. 1 

2 
. 3 

5^ 

4 

7 

• 

10 

JLL. 


12 


COMp*cTOR-*lR PRESSURE . ... 

COHP»CTOR-V*CUUM 

C0«P*CT0R-M0T0R . 

C0HP*CT0R-M»NU*1. 

C0«P*CT0R-A IR PRESSURE w/SmREPDER 

compactor-vacuum W/SHREDOEr 

COHpACTOR-MOTOR W/SHREOdER 

compactor-manual W/SHREOOEp 

integrated vacuum DECOMpOStION/SH^EDOER. 

FLUSH FLOP oxygen I NC I NER*T 1 ON/SHREODER 

PYR0LTSIS/BA.TCH_1NCINERaT.IoN/JSBREP.DE.R 

WET OXIDIZATION/ SHREDDER 


(•) 






1 - CABIN AIR 

(CIRCULATED), 

LITERS/SEC 

(FT^/MIN) 


2 - CABIN AIR 

(LOST) 

KG/HR 

(lb/hr; 


' 

3 - OXYGEN 

(lost) 

KG/HR 

(lb/hr; 



4 - COOLING WATER 

(CIRCULATED), 

KG/HR 

(lb/hr; 


C‘ 

5 - WATER 

(LOST) 

KG/HR 

(lb/hr; 



6 - NITROGEN 

(CIRCULATED), 

KG/HR 

(lb/hr; 



7 - NITROGEN 

(USED) 

KG/HR 

(lb/hr] 


c 

8 - FREON 

(circulated), 

KG/HR 

(L6/HRi 



9 - WATER 

(PROCESSED) , 

KG/HR 

(lb/hr] 








c 



{***)C0ST 



r 

{**)AVAILABLE 


. INDICATOR 



(1) AVAILABLE 


0-25* 




(2) STATE OF THE ART 

25-50* 


• 


(3) SOME DEVELOPMENT REQUIRED 

50-75* 




( 4 ) EXTENSIVE DEV. REQUIRED 

75-100* 




> 

L 
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TABLE 3-20 


appliance concept function NaTrIX 


iNOEX-Ho* 3«2»s — •••« Keruse disposal <shui T ut* 



-CONCEPT 

NO« 

USa&E 

tine 

CONSUnAsLES 

AND FLOR 

REQUinEHENTS 

thermal 

re^hts 

elec P*R REWhTS 

■ T/VOl ReRRTS oe'^ElOPmEmT 
cost 

R£SU*P|.y 

r 

o 


Ui£S/UAY TyPI 

Ah ( . 
USeU 

flor 

-PRESS. lEdP . 

COOLaNT.. 

HT LfAH- - 

PK P*R 

XVG PAR 

AEI&HT. VOLUHe. .*Va1L- INoe*— 

-K6- -cU M- ••••» 

(L6S) ICU FI) 

-•e16MT 

-AG- 

(LdSl 

o 

o 


MHS/USE 


-KG/OSE- 

IL8/USEJ 

• 

•UfcG c* 
(P5IGJ (O^G M 

-raTTs- 

utu/hr> 

-watts- 

ibtu/hrj 

- - - 

oc 

-*AfTS- 

oc 

-natts- 

c 




• •••< 

o 

1 

.783 

5 

. 1 NSa 


.0 .n 

n. 


. *0 


7« • 1 .73 I IQ 


o 

o 


• bNi 


( •32lb>( 

•oc> 

1 »0) ( >0) 

1 o>) 

( oo 

• 0 

•0 < 

iTn.n) ( e.2u> 

1 •01 

c- 

2 

.787 

iliN i . 





Ot 

— I - 0*) 

0* 

0» 

-i - OO 

• 0 

• 0 - 

• 0 

.0 -( 

d«7 04 s 10 

•0 

o 

... 2 . _ . 

.U9B 







r ~ 



.328 





( u« 1 

1 oo 

lO.U 

•0 < 

I&A*!) ( 18. Nl) 

( *01 













* 


















AfPUiANCE 

CONCEP^T 



'*) 



NO. 

CONCEPT name 


1 - CABIN AIR 

2 - cabin AIR 

(CIRCULATED), LITERS/SEC (FT^/fUN) 
(LOST) . KG/HR (LB/HR) 

1 - 

2 • 

VACUUH storage 
STDKAI.F BIN/CONTAINF.R 


3 - OXYGEN 

4 - cool IHG WATER 

(LOST) . KG/HR I 

(circulated), kg/hr ( 

(LOST) , KG/HR | 

(CIRCULATED), KG/HR j 

(USED) , KG/HR { 

(CIRCULATED), KG/HR ( 

(PROCESSED) , KG/HR ( 

[LB/HR) 

[L3/HR) 

:lb/hr) 

;lb/hr) 

;lb/hr) 

:L8/HR) 

;lb/hr) 

3 - 

sokio Propellant, refuse rocket 


5 - WATER 
•6 - NITROGEN 




7 - NITROGEN 
fi . FREON 




9 - WATER 


elc^ 


f > 



(***)C0ST 


(**) AVAILABLE INDICATOR 

(1) AVAILABLE _ 0-25S 

(2) STATE OF THE ART 25-50S 

— (3) SOME DEVELOPMENT REQUIRED 50-75X 

(4) EXTENSIVE DEV. REQUIRED 75-lOOX . 


1-193811-20 


- TABLE 3-21 

»'’^UANC£ concept function h*trix 


INOEI NO. 3t3»l ••••_ GARHENT/LtNEN WASHING (SHUTTLE) 


fONSUn^^gLE S ftN |^ F LOW WfOUiRrHrNTS 


. ThcPH*L RcOR^S pLEc PPP-'’e0'1T5-. *'^/''0L. PcQMTS_ ppV^LOPM£MT WpSUPF( ^T 

COST 


USES/DAY T 
MW5/U5E ( 


AHT. fK fPR AVG PWR 

PE USED Flow press TEmP coolant hT lEak AC AC PEjqhT volume avail index WEishT 

) -KG/USE- • "■ -MHHG- -DEG C- -WATTS- -WATTS- OC DC -KG- -CU M- j..) (.».)' -K 5 . 

(LB/USEl (•) (PSI 6 ) (DEG F| (‘OTU/HR) jBTU/HR) -PA T T S- __-W A T T S- ._ _ ( L P S ) ( CU FT) (LBS). 


, .33.J9H7 ^ 

(Ta.ROOO) { 

~ 3J .’ 29Ar ’ 
_(^3,<(0001 (. 

. 33 . 29R2 
(TS.KOOO) ( 

_(73.AGOO) ( 

.0907 

( . 2COOM ' 
_33,29‘<2 _ 
(73.HOOOI I 

.13M 

( .3aao)( 

33.29M2 
J73.M000) (_ 

33.29M2 
(73. MOOD) ( 

“ 33.29M2 '■ 
_(73. 9000)1. 

6.0782 

(13.9000) ( 

"33.2992 

(73.9000) ( 


,*00 

. 00 ) ( 


.*00 

.00) I 

.00 

.00) I. 

.00 

. 00 ) ( 

.00 

.00) I 

.00 

.00)_ c 
.00 

.00) (_ 

.00 

.00) I 

.00 

_.oo] L 

.00 

. 00 ) r 

"ico 

.00) I 


*0 

. 0 

0 . .. 

972 . 

__ 150.0 

.0 

776.2 

.33 

- 3 

__ 7o 


.0 • 

. 0 ) 1 

. 0 ) 

( 0 . ) 

( 3320 . ) 

• 0 

.0 

( 17 ) 1,1 ) ( 

11 . 60 ) 


( 

, 0 ) 

*0 

.0 

0 . 

980 . 

158.0 

.0 

779.3 

.35 

3 

60 


• 0 

. 0 ) ( 

. 0 ) . 

(_. 0 .)-. 

( 3397 , ) 

.0 

- .0 

, ( I 707 . 1 ) ( 

12 . 30 ) 


4 

.01 

• 0 

. .0 

3T5 , ... 

’ 23 . 

. 199.0 

-- *0 

893,7 

. 1.39 

9 

- To - 


. 0 

. 0 ) ( 

. 0 ) 

( I3S0 .) 

( 3 ( 52 . ) 

( 59.0 

• 0 

( i860 * 1 ) ( 

97 , 90 ) 



( 

* 0 ) 

• 0 

• 0 

395 , 

9o2 . 

199,0 

• 0 

896.5 

1.39 

9 

*0 


• 0 

. 0 ) .< 

— * 0 ) 

< 1350 ,)... 

( 3079 . ) 

959,0 

. *0 

..( 1866 , 1 ) ( 

97 , 90 ) 



i 

• 0 ) 

.0 

.0 

-. 0 . _. 

872 , 

50.0 

• 0 

.. 766,3 

.28 

9 

» 5 - 


.0 

, 0 ) I 

. 0 ) 

< 0 .) 

( 2979,1 

.0 

.0 

( 1689 . 3 ) ( 

10 . 00 ) 



( 

• 0 ) 

.0 

• 0 











. 0 ) 1 

. 0 ) 











.0 

• 0 

0 . 

872 , 

50*0 

• 0 

763. 'i 

.27 

9 

♦5 


*0 

, 0 ) ( 

. 0 ) 

( 0 .) 

( 2979 .) 

*0 

.0 

( 1683 . 1 ) ( 

9 . 70 ) 



1 

.01 

.0 

.0 











. 0 ) ( 

. 0 ) 











.0 

• 0 

0 . 

980 . 

J58.0 

• 0 

776.2 

. 39 

2 

90 


.0 

. 0 ) ( 

.'.) 

( 0 . ) 

( 3397 .) 

• 0 

• 0 

( 1711 . 1 ) ( 

11 . 90 ) 



( 

. 0 ) 

.0 

.0 

0 . 

1897 , 

1023.0 

• 0 

780.7 

,37 

3 

♦ 0 


.0 

. 0 ) I 

• 0 ) 

( 0 . ) 

( 6307 , > 

.0 

.0 

( | 721 . 1 ) ( 

12.901 



( 

• 0 ) 

•0 

.0 

269 . 

170 . 

96.0 

• 0 

199.6 

.80 

3 

*0 


,0 

.0 ) ( 

• 0 ) 

< 900 .) 

( 579 .) 

303.0 

• 0 

( 929 . 1 ) ( 

28 . 30 ) 



( 

.01 

.0 

• 0 

0 . 

980 . 

158.0 

• 0 

776.2 

.39 

3 

5o 


-.0 

. 0 ) ( 

.()) 

( 0 .) 

(33 97 , )_ 

.0 

• 0 

( 1711.11 ( 

_1 1 , 90J )^ 



( 

• 0 ) 


I 
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TABLE 3-21 (concluded) 


o 

o 

o 
o 
I o 
o 

i 

I O 


CO 

I 

o 


-*r.PLI*NCt_ 

CONCEPT 

NO. 


c.o.N.c t 


I 


iO 


NECH*NlC*t oscillation 

FLUIDIC AGITATION 

piston agitation 

CTCLIC V*LVE and pump AcIT«TION 

01 APHRAM ActUaTEO-ONE_DI«Ec.TIONAL_SQOCC2E__ 

DlAPHRAM AcTUaTED-TWO DiREcTIoNAL SOUEEIE 

pater spray agitated 

ultrasonic 

MANUAL PASHBOARD 

PLAIN RECIRCULATION 


(*) 


1 - 
2 - 

3 - 

4 - 

5 - 

6 - 

7 - 

8 - 
9 - 


(CIP.CULATEO), LITERS/SEC (FT^/MIN) 
' ' ‘ (LB/HR) 

(LB/HR) 


CABIN AIR 

CABIN AIR (LOST) , KG/HR 
OXYGEN (LOST) , KG/HR 
COOLING WATER (CIRCULATED), KG/HR 


WATER (LOST) . KG/HR 
NITROGEN (CIRCULATED), KG/HR 
NITROGEN (used) , KG/HR 
FREON (CIRCULATED), KG/HR 
WATER (processed) , KG/HR 


(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HRj 

(LB/HR) 

(LB/HR) 


(**) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

(4) EXTENSIVE DEV. REQUIRED 


(***)CQST 

INDICATOR 

0-25S 
25-50S 
50-75S 
75-lOOX ■ 


O 


o ! 
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TABLE 3-22 

‘PPI-IAnCe .CONCEPT. FUNCTION NATRIX -. 

index no. 3.3,2 •••• CARnCNT/LtNEN DRTING « SHUTTLE j 
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TABLE 3-23 

APPLIANCE concept rUNCTlON HATRU 


INOE* NO, 3,J,3, •••• CaRHENT/UINEN WaShER/ORTER-D I SPOS ABLE CLOTHES (SHUTTtEI 



CONCEPT 

USAGE 

consumables 

AND FlOd 

requirements 

THERMAL 

REQMTS 

ELEC PNR 

RtBHTS 

8T/V0L 

reqnts 

development 

RESUPPLT 



NO, 

-TIME - 


— 

■ 









COST 




o 



















* * 


* ^ 















L 





AMT. 






PK PAR 

AVG PAR 










USES/OAT 

TYPE 

used 

FLOP 

PRESS 

temp 

coolant 

HT LEAK 

AC 

AC 

WEIGHT 

VOLUME 

AVAIL 

index 


■ EIGmT 


o — 

• ■ 

HRS/USE 

■ - (.1 

-KQ/USE- 

• 

-mmhg- 

-OEo C- 

-aATTS- 

-WATTS- 

OC 

DC 

-KG- 

-cu n- 

(••) 

1 ••• ) 



C 





1 LB/USE 1 

!• 1 

( PS 1 <3 > 

(oeg n 

(BTU/HR) 

58TU/MR) 

-WAITS- 

-WATTS. 

ILBS) 

(CU FT) 




(L8S) 



•-•♦♦♦♦ 












t • 



o 


















C 


1 

7.000 

T 

33.29M2 

.00 

.0 

.0 

132. 

9B0. 

158.0 

.0 

111.8 

.93 

3 

80 


• 0 


:o 


■ 5.000 


173.900015 

• .00) 

1 .0) 

1 .0) 

5 950.) 

13397. ) 

ISI .0 

*0 5 

296.0) 

1 15.10) 



5 

• 0) 

C 


2 

2«000— 

' If 

— 3 3 . 2 P 9 2 — 

*00 - 

• 0 

.0 


980* 

158*0 

• 0 

I2Q.2 

1 *07 

3 

4S 


• 0 


• o ^ 


5,000 


573.9000) I 

• 00) 

5 .0) 

5 .0) 

5 797.) 

5 3397. 1 

*0 

*0 5 

285.0) 

5 37.80) 



( 

*0) 

c 



2.0C0 

* 

33.2992 

• OO 

.0 

• 0 

0* 

980 • 

15 8.0 

.0 

P| .2 

2.91 

3 

40 


*0 


o 


— T.OQO 


573.9000)5 

■ .001 

1 .0? 

5 .0) 

5 0. ) 

53397. ) 

• 0 

*0 5 

2QI .0) 

5 102.70) 



5 

.01 



^ 

— ?:ooo 

» — 

—33. 2992- 

'.00 " 

■ .0 

.0 

0. ■ 

980. 

158.0 

" .0 

87.5 

3.10 

3 

40 


• □ 




5.000: 


173.9000) 1 

.00) 

5 .0) 

5 .0) 

5 0. ) 

53397.) 

171.0 

*0 5 

193.0) 

5)09.90) 



5 

• 0) 



s 

7.00 0 

t 

33.2992 

.00 

.0 

.0 

132. 

980. 

158.0 

.0 

90.3 

• HH 

2 

90 


.0 




— s.oo'o- 
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“ .00) 
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t 
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-- 

# 

*<000— 


—33.2992 — 

.00 ■ 

-.0 • 

- .0 

21P. ■ 

960. ■ 

158. 0 

• 0 

1 22.0 

• 6 7 

3 

45 


• 0 




5.000: 


173.9000) 1 

.00) 

5 .0 1 

5 .0) 

5 797.) 

5 3397 . ) 

.0 

• 0 5 

269.0) 

5 23.80) 



5* 

.0) 



7 

7.000: 

p 

33.2992 

.00 

.0 

• 0 

0. 

980* 

158.0 

.0 

93.0 

2.90 

2 

90 


lO 




— T.ooa- 


573.9000) 5 

- .00) 

5 .0) 

5 .0) 

5 0.1 

53397.) 

.0 

.0 5 

205.0) 

( 102.50) 



5 

.0) 



g 

— 2.oocr~ 

^ ■ 

— 33i2992 

• 00 

.0 

.0 

0. 

■ 980. 

158.0 

• 0 

90.3 

3 • 09 

Z 

9o 


«0 




5.000 


573.9000) 5 

.00) 

5 .0) 

1 .0) 

5 0.1 

53397. ) 

171.0 

• 0 1 

199.0) 

5 109.00) 



» 

• 0) 


u 

t 

.000 

p 

.0000 

.00 

• 0 

.0 

0. 

0. 

158.0 

.0 

51.7 

.81 

1 

0 


.0 


— 

— 

— *000 - 


5 — .0000) r 

-- .001 

1 .0) 

5 .0) 

1 Ot) 

5 0.) 

.0 

.0 1 

119.0) 

1 21.50) 



« 
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TABLE 3-23 ( concluded )- 


CO 


^FPLlANCe 

coNctrr 


{*) 


CO N C E- f T N A H C 


FLUIDIC aSITaTION/FORCEd «oT AtR-ELECTRJC HEATER 
FLUIOIC AGITAT !ON/FORCEfj HOT AIR^TMERHAI. STORAGE HEATER 
FLUIDIC AGITATION/FORCEo »IR DRT I Ng-CLOTHEs LINE 
FLUlOIC AGITATION/FORCEo AiR ORT I NG-CUOTHES LINE 
rater SPRAy_AGJTATION/FoRCeO hot *IR-EUECTriC hEATeR.. 


RATeR sprat AGITaT IQN/FoRCeD hot AIR-THERMaL storage heater 

raTeR sprat agitaTiqn/foRCrd air orying-clothes line..*, 

rater sprat AGITATiON/ElECtRICALLY hEaTED-CLOThES line 
-.disposable clothes - 4 - 


1 - CABIN AIR 

(CIRCULATED), 

2 - CABIN AIR 

(LOST) 

3 - OXYGEN 

(LOST) 

4 - COOLING WATER 

(CIRCULATED), 

5 - WATER 

(LOST) 

6 - NITROGEN 

(CIRCULATED). 

7 - WITROGEN 

(USED) 

8 - FREON 

(CIRCULATED), 

9 - WATER 

(PROCESSED) , 


LITERS/SEC (Ft3/H1R) 

KG/HR (LB/HR) 

KG/HR (L5/KR) 

KG/HR . (LB/HR) 

KG/HR (LB/HR) 

kg/hr (lb/hr) 

KG/HR (LB/KR) 

kg/hr (LB/HR) 

KG/HR (LB/HR) 


(**)AVAILABLE 

(***)COST 


INDICATOR 


(1) AVAILABLE 

0-25S 

O 

(2) STATE OF THE ART 

25-50X 


(3) SOKE DEVELOPMENT REQUIRED 

50-75* 


(4) EXTENSIVE DEV. REQUIRED 

75-100* . 

- 
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TABLE 3-25 

*PfU*NCe CONCEPT function H»TI«m_ 


InOE* NOt N.iiTjT •••• tlBR»RV CSHUTftEa 


o 

o 

o 

o 

O 

O 

o 


CONCEPT USiSE' 
NOt TIME 


■consumables *N0" Tubi ’ requirements ■ thermal r'eqmts* 


elec PRN REQmTS RT/VOL REOMTS development mESUPPlT 

COST 


AMTt PK par AVG PRR 

USES/OAT type U5£0 "FLOR 'press temp coolant hT leak AC Ac HEIGHT VOLUME AVAIL INDEX HEIGHT 

HRS/USE l*> . KG/USE- • 7MMHG-_-DEG C- ■ -H A T T S- __ -H ATT S- DC DC -KG- -CU M- J»«*i -KG- 

ILB/USEI (•) IPSIGI lOEG' F) IBTU/MR) iBTU/hRi" -HaTTS- -HaTTS- ~(L8S>*tCU FT» ' 'ILBSj' 


2.000 

2.000 


0. 

0.1 


0 . 

0.1 


>6 *s .01 

. 0 ( I -01 I ?A3| 


tO 

• 0 » 


r 

r 

o 


APPLIXNCC 

"IOnCepT"' 

NO. 


CON C E^T N«M E 

I • books 
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TABLE 3-26 

.m^CTIpN ?,ATRI\ 


iNtoC*' hOi li t .3 ■ Vf SU*L'(»ECHE*TldN t'HUTTUCl 


~C0NC€^T~ USAGf 
NO. Time 


COnsUmAhLES *NO“FLdn REOUIRCHEKT.r 


thermal REQMT5 CLEC RW^REOmTs” *T/VoL REOMTS OEVElOR"ERT RESURRlT 

COST 


»MT. RR par *vg prr 

OSES/CAT TTPE USeO FLOR PRESS TEMP COOLANT HT LEAK AC AC WEIGHT VOLUME AVAIL !NDE» WEIGHT 

HSS/U5E -KG/USE- • -MMH6--OEGC- -WATTS- _ -WATTS- DC DC -kG- -CU M- ,-R5- 

~Tlb/0se1 fs'i ipsiG) toEG fV ibtu/hrj ibTu/hR) -Watts- -watts- o.asi icu fti ilbS) 


0. no. 120.0 

O.t I R07.I ..IL 


22.7 .12 3 

_50 «0 > 1 W .271 


appliance 

“coNCEpr— ■ 

NO. conc ept wan e 

I - TELEVISION 
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TABLE 3-27 
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■ 




TABLE 3-28 







APPLIANCE 

CONCEPT function HATRir 





‘ 

- 









INOC* HO. H.2,1 •••• ExEHCISCRS tSHUtTLCJ 














C 

- 

COsiCEPT USAGE CONSUmAsLES T^NO FLOjj REQUIRCMENtS 

HO. time 

THERMAL REQMTS ELEc P«« 

REohTS 

WT/VoL 

REQMTS OEVElOPMEnT 
COST 

RESOPPlT 

o 

i 

A«T. 

USES/DAt type" USED" ruO* PRESS TEMP 

HRS/USE I»1 -KG/USE- • -MMHG- -DEG C- 

PA par 

“ coolant HT leak AC 

-WATTS- -WATTS- OC 

AVG PWR 

*c 

oc . 

WEIGHT 

-K6- 

VOLUME ' AVAIL index 

-CU M- I**.! 

weight 

-KG- 

o 

! 0 

ILB/USEI «•» IPSUl lOEG E) 

leTu/HRi (btu/hr» -Watts- 

-watts- 

(LBSI 

<CU FT) 

(LBS) 

o 

* 0 

1 R.oao 

I.OOQ 

0 • 0 1 • 0 

i 0«) f 0>) «o 

.0 

.0 L 

• 6 

L*3> 

• Oil S 

t •2‘U 

• 0 

1 , •0». 

o 

i o 

2 H.OOO 

0 « 0 . .0 

• 6. 

. 1 

• 00 I S 

• 0 

o 


• 000 

1 0.1 1 OtI .0 

.0 1 

• 31 

t •031 

1 *0> 


i o 

i 







o 








. c 


APPLIANCE 

CONCEPT 








NOo C 0 H C C’^ T N » H"t 








1 • ElFtR«»GYM 

2 - HAND txtntxstn 
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APfUANCt 



INDEX NO. S.l.t •••• autoclaves ISHUTTLE) 


CONCEPT usage CONSUhABLES AND ElOn REQUIRENENTS 



no. 

TIME — - 



’• 

- — 



i- 

1 • 

— 

uses/dat 

Ttpe 

A«T. 

used 

ELOR 

PRESS 

TEMP 

1 rj 


HRS/USE 

(•] 

-K&/USE- 

• 

-MMHG- 

-DEC C- 





(Lb/USEI 


(P516I 

loEo n 

i o 

? 

1 

1 >000 

2 

.0i03 

* DQ 

.0 

• 0 

: ^ 

— 

.500 

- ( 

: -- . J330» I 


( .01 

I .0) 



T 

— 1 

.0717 

r— iissoH- 

R.b<* 

'10.001 

1S5I.R 
' <30.01 

21.1 
1 7o.ni 


O 

2- _ _ 1,000 - 

2.330 


3 1.000 2 .0603 .00 .0 .0 

Zff.TDO^ 1 n 3 30 IT .001 1 *01 “I .01 — ' 

^ S .OOlN .00 .0 ,0 

1— .0030M- .001 I .01 ( .0) 


" APPUANCE-—- ■ - 

concept 

HO. C 0 N c r p T H~A H C ” 





3-29 



FUNCTION MATRIX 



thermal 

REUHTS 

ELEC P»R 

KE8MTS 

irT/VOL 

REOHTS 

DEVELOPMENT 

COST 

RESUPPlT 

— 



pk Par 

AVG PAR 







coolant 

HT LEAK 

AC 

AC 

WEIGHT 

volume 

avail 

index 

• EIGHT 


-AATTs- 

•RaTTS- 

OC 

DC 

-KG- 

-CU M- 

!••) 

(•••) 

-kg- 

o 

IBTU/HH) 

(BTU/HR( 

-WATTS- 

-watts- 

(LBS) 

«CU FT} 



(LBS) 











O 

0. 

30B. 

1S20.0 

SHS.O 

1R.9 

. 1 A 

1 

25 

.0 


1 0.1 

( 1053. 1 

.0 

.0 1 

32. a> 

( 5,59) 


( *0) 

O 


0. H2|. 

eoo.o 

259.0 

10.9 

.19 

1 2S 


*0 


1 0.1 11936.) 

.0 

.0 1 

29.01 1 

9. 78) 


( 

.01 


0. 112. 

230*0 

171.0 

39.0 

.17 

2 95 


• 0 

r* 

1 0 .T (381.) 

.0 

.0 1 

1 86.0) ( 

6.09) 


( 

■»0) 



1 - CABIN AIR (CIRCULATED), LITERS/SEC (FT^/MIN) 

2 - CABIN AIR (LOST) , KG/HR (LB/HR) 

3 - OXYGEN (LOST) , KG/HR (LB/HR) 

4 - COOLING WATER (CIRCULATED), KG/HR (LB/HR) 

5 - WATER (LOST) , KG/HR (L3/HR) 

6 - NITROGEN (CIRCULATED). KG/HR (LB/HR) 

7 - NITROGEN (USEO) , KG/HR (LB/HR) 

8 - FREON (CIRCULATED), KG/HR (LB/HR) 

9 - WATER (PROCESSED) , KG/HR (LB/HR) 



(***)COST 

(**)AVAILABLE 

INDICATOR 

(1) AVAILABLE 

■ 0-25S 

(2) STATE OF THE ART 

25-50X 

(3) SOKE DEVELOPMENT REQUIRED 

50-75S 

( 4 ) EXTENSIVE DEV. REQUIRED 

75-100* • 
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TABLE 3-30 

*PPLI»NCE CONCEPT POncTION 


Index no* l>i»i •••• xnbient food storage (Space station) 


concept usage 

"NO. Time 


consumables and E(.On requirements 


Thermal 

REQnTS 

CLEf PWP 

WEQmTS 

WT/VOi. 

PCONTS 

oe'^eloppent 

cost 

•tSUPPLT 

r--, 

N. 



PK PTlR 

*VS PWR 






COOLANT 

HT LEAK 

AC 

AC 

weight 

volume 

avail INOEX 

■eight 


-watts- 

-batts-- 

oc 

DC 

-fg- 

-CU M- 

(*•) (•••) 

-KS- 

- . — 

(BTU/hPI 

(BTU/hR) 

-WATTS- 

-watts- 

(lss) 

(CU fT) 


(LBS) 

0 









r- 

's- 

0* 

Ot 

.0 

tO 

93tN 

lOtSi 

1 0 

tO 


“■(■- 0.1' 

- ( 0» » 

tO 

■ tO 

( 20*t0l 

(371 tool - 

f «0 • 

r 

0. ■ 

0. 

.0 

• 0 

• 0 

tOO 

1 10 

*0 


( 0. 1 

( Ot ) 

tO 

.0 

( 20tAI 

( 7AS.00) 

1 tOI 



APPLIANCE 
‘ CONCEPT 
NO* 


concept name 


1 - RIGID 

■ 7 ■ elexiblE 


1 - CABIN AIR (CIRCULATED), LITERS/SEC 

2 - CABIN AIR (LOST) , KG/HR 

3 - OXYGEN (LOST) , KG/HR 

4 - COOLING WATER (CIRCULATED), KG/HR 

5 - WATER (LOST) , KG/HR 

6 - NITROGEN (CIRCULATED), KG/HR 

7 - NITROGEN (USED) , KG/HR 

8 - FREON (CIRCULATED), KG/HR 

9 - WATER (processed) , KG/HR 


(FT^/MIN) 

(LB/HR) 


(LB/HR) 

(LB/HR) 

(lb/hr) 

(lb/hr) 

(LB/HR) 

(LB/HR) 




C 



(**) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SWE DEVELOPMENT REQUIRED 

(4) EXTENSIVE DEV. REQUIRED 


(***)C0ST 
. INDICATOR 

0-25S 

25-50S 

50-75S 

75-lOOX 


I 
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TABLE 3-31 


APPLUNCt concept roMCTlON NATPlX 


JN0CjlJ 19» ••••__"Ef."l5EP*TtllXO.PO_ST9PAGE_ IsPACE STATION) 


9 

O 

o 

o 

o 


Usage. 
NO,- time 


.CoNSUMABUEs_ANO...rLo*_Re8UlBEMENTS-. 


_IHErMAW_*EqHTs 


-EUCC.rUr .rEqMTS «T/VoE . rEqMt-S DEVELopMEnT ^pEsyppLI- 

COST 


amt, 

uses/DAT. _ type _„usEO flo». 

HRS/USE (•) ■KC/USE> • 

11.B/USEJ t»J_ 


.PRESS _ Temp coolant_ht ueak. 

-deg C- -MATTS- -MaTTS- 
_L&5_l,Gl_t deg r.i ! B T V '' M R !_I.b T u / M P L 


PK PmR AVG PwR 

AC . AC. weight volume avail index _ WEIGHT 

DC DC -KG- -CU M. (•••) "■ -KG- 

_f*ATTS, .-JAaTtS; (LB5».JCU.rTj «LbSL_ 


.000 

.000 


■ OOOO 

lOOOOH 




-.00 »0_ 

,00) I ,0) I MO.Q) I 


-S2. - 
I7T, I 


0 . _ 

0 , > 


BO.O- 

■ .0 


_.0 134.1 .42 --J 

•0 ( 300.Q) ( 22.00) 


•Ooo 
• 000 , 

, 000 . 

.000 


I30i 

-RHJ. 


• T. 

>30, J- 


• 0 

.225.0. 


<0 (52.9 .71 2 

-.0 -1-337. Ol. t 2S. 10) 


2S 


-2041 ( 


I 7034.) 


435, IIOOO.Q ... 

I2I4B.) '.0 


...0 - 235.7 2. OR 3. 

•0 I 520.0) ( 72.00) 


..70. 


•0 - 
• 0 ) 


.0 

..o)_ 

.jO_ 

. 0 ) 


appliance 

_jCDNCEP.T_ 

NO, 


concept nane 


space radiator 
.thermoelectric. 


AIR CTClE-TURBInE/COMPReSSOR 


(*) 


1 - CABIN AIR 

(CIRCULATED), LITERS/SEC 

(Ft3/MIN) 

2 - CABIN AIR 

(LOST) , KG/HR 

(lb/hr) 

3 - OXYGEN 

(LOST) . KG/HR 

(lb/hr) 

4 - COOLING WATER (CIRCULATED), KG/HR 

(lb/hr) 

5 - WATER 

(LOST) , KG/HR 

(lb/hr) 

6 - NITROGEN 

7 - NITROGEN 

(CIRCULATED), KG/HR 
(USED) , KG/HR 

(lb/hr) 

(lb/hr) 

8 - FREON 

(CIRCULATED), KG/HR 

(lb/hr) 

9 - WATER 

(processed) , KG/HR 

(LB/HR) 


(***)COST 



(**}AVAILABL£ 


INDICATOR 


(1) AVAILABLE 

0-25X 

(2) STATE OF THE ART 

25- SOS 

(3) SOME DEVELOPMENT REQUIRED 

50-75S 

(4) EXTENSIVE DEV. REQUIRED 

75-lOOS 




J 
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TABL■E-3-3^- 


.InOCX Jto. I»1.3 ••••_ rROlEN_fOQoJ.ST.ORAGt_ ISfACE. STaTJOnJ. 


APrUANjE CONCEPT EuNCtJON HAxHIK 


OHCE^l__.OS*'it CPNSUMABl.Es_A.Np_ri.O»_REQUlREMENTS THErHAV. .REOMTS ELEc. RWR. RE8m1S_,«T/ VOL.rE««tS ^DEVE1.6RMeNT BESU*|^Ljr 



NO, 

TIME 








COST 


n “ 


„U5ES/0AT 

HRS/USE 

—Type 

(•1 

ANT, 

. USEO 

■KG/USE. 

-UB/USEj 

TLO" _ 

• 

f} 

.-PRESS — TEHP 

-mmhg- -deg C« 

lESIGl IDEG-P-L- 

--COOLANT. 

-WATTS, 

_1BTU/HRJ. 

-.HT LEAK— 
-WATTS- 
IBTU/HRJ 

PK PWR 

_ ac 
oc 

•.watts. 

AVG wwR 

. _ »C .- .WEIGHT volume. . AVAIL 
OC -KG- -CU M- I*,) 

-WATTS" ILBSL-ICU PTl 

INDEX. 

(•••] 

weight. 

— K G — 

( LwS 1 

n 

• ••«« 












, 

,000 - 

.1 

*0000 

tOO 


— 7 1 6 • - 


. ^QaQ 


o 


,000 

1 

,o6oo) ( 

• oO) 

( ,bi i>io,oi 

« zRia.i 

4Z27I.) 

■ .6 

.0 <1300.0) ( 95.50) 


( «0) 

o _ 

2 

.000 





7889. 

1915. 

.0 

>0 1876.9 5.06 2 

25 

•0 


,000 





-JXATHO* L- 

16538,1 

.1 12h0»0 

ri7ft^7Qi 






.000 - 





S679a 


16700,0 


70 


o 


,000 





I29A38.) 

(N658.) 

■ .0 

•0 (1817.0) 1|85.50> 


1 «0) 


O 


appliance 

_C0fiCEC.L-_ 

NO, concept mahe 


I • SPACE RaOIaTOR 

i ^"___TMCrnoElECTR1C. 

J • AIR CTCtC 


1 - CABIN AIR 

(CIRCULATED), LITERS/SEC (FT^/MIN) 

2 - CABIN AIR 

(LOST) . KG/KR 

(LB/HR) 

3 - OXYGEN 

(LOST) , KG/HR 

(LB/HR) 

4 - COOLING WATER 

(CIRCULATED), )CG/HR 

(lb/hr) 

5 - WATER 

(LOST) , KG/HR 

• (LB/HR) 

6 - NITROGEN 

(CIRCULATED), KG/HR 

LB/HR) 

7 - NITROGEN 

(USED) . )CG/HR 

(CIRCULATED), KG/HR 

(LB/HR) 

8 - FREON 

(LB/HR) 

9 - HATER 

(PROCESSED) , KG/HR 

(LB/KR) 




r. 


c? 

1—1 


{**) AVAILABLE 


(***)C0SL- 

INDICATOR 


US 


8® 

tf- 


(1) AVAILABLE 

0-25X 

(2) STATE OF THE ART 

25-50S 

(3) SOME DEVELOPMENT REQUIRED 

50-7SX 

(4) EXTENSIVE DEV. REQUIRED 

75-lOOS 



r 
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I 


0 




TABLE 3-33 

APPLIANCE CONCEPT FUNCTION NATPlX 


o 

___ INOC* 

NOr t.2.2 

•••• FOOO 

«ARM]N<; iSPACt STATION) 










o 

CONCEPT 

NO. 

Usage 

Tjhe 

consumables 

AND Flop 

REOUIReHENTS 

Thermal 

REOhTS 

ELEc 

PPR PEOmTS 

pt/vol 

REOHTS 

oe''elophent 

COST 

"esupplt 

n 

' 

uses/DAT 

amt. 

TYPE. USED 

FLOP 

PRESS TEHP 

coolant 

HT LEAK 

PK PAR 
AC 

AVG PPR 

*C 

PE 1 GhT 

volume 

AVAIL 

(NOE* 

plight 

o 

- • - A. 

MRS/U5E ■ 

(•|--'-KG/USE- 

ILb^USE) 

«•) 

-HHHG- -DEG C- 
tPSIG) (OEG F) 

-patts- 

(BTU/HR) 

-patts- 

(BTU/HRI 

oc 

-PATTS 

Oc 

- -patys- 

-KG- 

(LBSI 

-cu H. 
(cU FT) 

( •• ( 

( •••) 

-K6- 

(LpS) 

o 

1 

3.000 

' - 



0. 

295. 

.0 

.0 

5«|.9 

.20 

0 

5 

•0 

p 


2.000 




( 0.) 

( 1007. ) 

990.0 

295.0 

(121.0» 

t 7.20» 

“ 


( .0) 

■—--i - - 

3.000 

.500 

• ' 

— • 
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o 

1 

*.000 

1 .OO'CO 2 1. 2* 

.0 

21.1 

3l7, 

272. 

250.0 

16.0 

(77.5 

2.37 

0 . 

25 . 

6.7 

o 


.2&0 

1 .OCOO ) (■ *5 .00 ) 

( .0) 

( 70.0) 

( loes.) 

( 777.) 

16.0 

250.0 i 

375.7) 

( 82,57) 



( 17.1) 



5 2.2680 . .00 . 

1551 ,<♦ 

MC,* 













1 S.OCOO) 1 ,00) 

(30.01 

(105.0) 










o 

2 

*.000 

1 .0000 221.81 

.0 

21.1 

***S, 

77, 

5370.0 

1*>0 

|77,8 

2.02 

0 

7fl 

2.2 



.2S0 

I .0000)1*70.00) 

( .0) 

( 70.0) 

<15731 .1. 

( 27|.) 

16.0 

5370.0 ( 

372.0) 

( 7 1 . 1 6 ) 



( 7,7) 

c 



S 2.2680 .00 

1551 .* 

*0.6 












I s.nnoo)! .001 

(30.0)_ 

ilOS.O) 











3 

*.QOQ 

5 2.2*80 .no 

1551 .M 

*0.* 

l’«. 

. 157*. 

536.0 

.0 - 

22 7.0 

, .3,05 

- 0 

IS 

27.0 



.2S0 

1 S.OQOOX .00) 

(30. Q) 

(105.0) 

< *7S.) 

(5383.) 

.0 

,0 < 

507.8) 

( 107,77) 



( 52.0 


N 

*.000 

5 2.721* .00 

127 2.* 

*)l.l 

77, 

272. 

85.0 

•0 

103.8 

1 .57 

0 

5 

*•7 



.2S0 

1 *.OOQ0)( .00) 

(25.0) 

-LlO*,Ol 

( ( 777. J 

•0 

__«5.0 I 

228,7) 

1 55,30) 



J 15jU 

















appliance 



(*) 


(ftVhin) 

concept 



1 - CABIN AIR 

(CIRCULATED), LITERS/SEC 

NO, _ 

CONCEPT NAWE 


2 - CABIN AIR 

(LOST) , KG /HR 

(LB/HR) 




3 - OXYGEN 

(LOST) . KG/HR 

(lb/hr) 

1 - 

VACUUM PICKUP 


4 - COOLING WATER 

(CIRCULATED), KG/HR 

(LB/KR) 

2 -■ 

AIR DRAG 


5 - WATER 

(LOST) , KG/HR 

(LB/HR) 

3 • 

MECHANICAL 


•6 - NITROGEN 

(CIRCULATED), KG/HR 

LB/HR) 

^ • 

COLLAPSIBLE 


7 - NITROGEN 

(USED) , KG/HR 

(lb/hr) 




8 - FREON 

(CIRCULATED), KG/HR 

(LB/KR) 




9 - WATER 

(PROCESSED) , KG/HR 

(LB/HR) 


i 

I 

i. 



(***)COST 


(**)AVAILABLE 

INDICATOR 


(1) AVAILABLE 

0-25S 

' 

(2) STATE OF THE ART 

25-50S 


(3) SOME DEVELOPMENT REQUIRED 

50-75S 

> 

(4) EXTENSIVE DEV. REQUIRED 

75-lOOS 

....... w 
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TABLE 3-40 


APPLIANCE CONCEPT FUNCTION MATRIX 


- 

INDEX 

NO. 2.2,2 

•••• partial 

BOOT 

•ASHING 

ISPACE STATION) 




























* 

cONctPT US*6 f 

cONSUM.bLCSa^'D 'flow RraUlPtMENTS 

Thermal 

"eSmTS 

rLr^ PWR ReOmTS 

WT/VOL 

_ReQmTS_. 

nrVrLCPMrNT 

WpSUPPi T 

r> 

NO, 

Time 











COST 




■ 

- 

AMT. 







PK PWR 

AVG PWR 




« • • 




uses/dat 

TYPE 

USED 

FLOW 

PRESS 

TEMP 

coolant 

ht leak 

AC 

AC 

WEIGHT 

VOLUME 

avail 

INOE* 

weight 


HRS/USE 

<•) 

-kg/use- 

• 

-mmhg- 

-OEG C- 

-WA'i TS- 

• 

WATTS- 

DC 

DC 

-KG- 

-CU M- 

)••) 

1 ••• ) 

-KG- 


' 




JLB/USE> 

• ) 

IPSIG) 

(DEG F) _ 

1BTU/HR) 

IBTU/HR ) 

_ _“W*TTS- 

,_-w»TTS- 

ILBS) 

ICU FT) 




ILP.SI 

O 



















1 

60,000 

2 

.0003 

,00 

.0 

21.1 

105. . 



. _ -.500.0 

360.0 

33b. 1 

5»72 

2 

_-30 _ 

296.6 

o 


.037 


1 .0007)1 

.00) 

1 .0> 

I 70.01 

( 360.) 

1 

998. ) 

.0 

• 0 

1 795.9) 

1202.12) 


1 6S9.0) 




S 

.2760 

fOI „ 

IS5l,<) . 

.0 . 











o 

• 



1 .5000)1 

,q2) 

130.0) 

1 .0) 












2 ■ 

60«000 

S 

.3901 

*01 

1551.9 

.0 

105. 


278, 

500.0 

3^0 • 0 

2| >6 

• IS 

2 

50 

9*1 



,037 


1 .B600M 

.02) 

130.0) 

1 .0) 

1 360.) 

< 

998. ) 

•0. 

. . .0 . 

( 97.7) 

.( 5.20) 


I 9.11 

o 

3 

60.000 






0. 


0. 

.0 

.0 

.. 5*7,0 

* a*< 


1 n 

576.1 



.037 






1 0.)' 

1 

0. ) 

• 0 

.0 

1 1299.0) 

1 29,80) 



11270.0) 


1 

60.000 

s 

.0227 

.00 

I5S| .9 

.0 

633. 


1 1 . 

52.8 

32.0 

10. I 

• OS 

2 

So 

.7 



.037 


1 ,0500)1 

,001 

130.0) 

1 .0) 

1 2160.1 

1 

37. ) 

• 0 

.0 

1 22.2) 

1 1.70) 


1 1.6) 


S 

60,000 

5 

1.2293 

•CO 

1551.9 

.0 

lOS. 


3)1... 

500.Q 

360.0 

57.9 

.58 


3fl 

18.2 



• 037 


( 2,7100)1 

.00) 

130.0) 

1 .0) 

1 360.) 

11062.) 

.0 

>0 

1 127.5) 

1 20.50) 



1 80.1) 


A 

60.000 

s 

.238 1 

• 00 

leiQ.o 

51.7 

32. 


30. 

57.5 

• 0 

196.5 

3.95 

1 

s 

177.9 




.037 



1 ^.5250) 1_ 

.00 »_ 

_ 135.0) 

J 125.0) 

1 110.) 

( 

loi.) 

I 90*0 

_ *0 

1 933.1) 

1121.80) 



1_ 392.1 1 


Ojc 


APPtlAMct 

CONCEPT 

NO, C 0 N C E P_T N AME 



disposable wet wipes 

reusable wet wipes 

DISPOSABLE wrPES I PREPACK A5E0J_ 

automatic SPONGE 

reusable WASHCLOTHES 

disposable washclotme's (SKTLABI 



- CABIN AIR 

- CABIN AIR 

- OXYGEN 

- COOLING WATER 

- WATER 

- NITROGEN 

- NITROGEN 

- FREON 

- WATER 


(CIRCULATED). LITERS/SEC (FT^/HIN) 
(LOST) , KG/HR (LB/HR) 

(LOST) , KG/HR (LB/HR) 

(CIRCULATED). KG/HR (LB/HR) 

(LOST) , KG/HR (LB/HR) 

CIRCULATED), KG/HR LB/HR) 

(USED) , KG/HR (LB/HR) 

(CIRCULATED), KG/HR (lB/HR) 

(PROCESSED) . KG/HR (LB/HR) 


(**) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SWIE DEVELOPMENT REQUIRED 

(4) EXTENSIVE DEV. REQUIRED 


(***)COST 
INDICATOR ■ 

0-25S - 


25-50S 
50-755 
75-1005 ■ ■ 
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/ 



n 
















. t*tUMTS 

tLtC 

REUMtS~ 

«T/VCL 

«E*ifiT5 OEvttOPMtlKT 

resopPlt 






COST 







1 

• 

1 

1 

1 

1 

1 

1 




PK PirK 

*VG PAR 






AC 

*C 

idtlGHT 

volume *v*il"1nue* 

•EIOMT 

O 

-fc»7TS- 

oc 

DC 


-CU h- 1 • • ) t ••• » 



( bTu/hR ) 


- -HATIS- 

ILfaSl 

(CU FT) 

ILSS) ■■ ' 




•--—****--* 

*•**’*-* 




O 

iv7« 

,0 

. 0 

' 75.i “ 

,2b 'l S 

Ms,. 3 

C) 


•0 

• G ( 

1 6^ • b ) 

< b.eo) 

< «9.«) 


0« 

.c 

•0 

I?7.0 

• Bb 1 b 

1 79.S 

o 

1 0« 1 

.e 

• 0 ( 

HiH, 2 ) 

( 30.30) 

( 39S.7) 


Tf 

177&.0 

|72&,0 

7.3 

>02 i S 

•0 


( 26 1 • ) 

0 

• 0 ( 

la.O) 

1 .S3) 

( tO) 



1 - cabin air (circulated), liters/sec (rr^Hin) 

2 - CABIN AIR ■ (LOST) , KG/HR (LB/HR) 

3 - OXYGEN (LOST) . KG/HR (LB/HR) 

4 - COOLING WATER (CIRCULATED), KG/HR (lB/HR) 

5 - WATER (LOST) , KG/HR (LB/HR) 

6 - NITROGEN (CIRCULATED), KG/HR (LB/HR) 

7 - NITROGEN (USED) , KG/HR (LB/HR) 

8 - FREON (CIRCULATED), KG/HR (LB/HR) 

9 - WATER (PROCESSED) , KG/HR (LB/HR) 


(***)COST 


(**) AVAILABLE . INDICATOR 

(1) AVAILABLE 0-25S 

(2) STATE OF THE ART 25-50S 

(3) SOME DEVELOPMENT REQUIRED 50-75S 

( 4 ) EXTENSIVE DEV. REQUIRED 75-lOOX 
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^ ^ - 


TABLE 3-42 

»P»»Lt»NCC concept PUKcTJON MATPJIt 


■ o 

i 

index 

NO, 2,3,1 

•••• SHAVING 

<spaCe 

station) 











! o 

t 

5 

1 

CONCEPT 
NO. 

USAGE 

Tine 

consumables and FlOR 

REOUIReNENTS 

Thermal 

reRmts 

ELEC P*" 

reomTs 

RT/VOL 

Reomts 

Oc'^ELOPNENT 

COST 

RESUpPcT 


i 


USES/DAT 

HRS/USE 

ANT. 

TYPE USED 

FLOW 

PRESS TEMP 

coolant 

-waTTS- 

(btu/hr) 

ht leak 

PK PftR 

AC 

AVG P*R 

*c 

RE 1 GHT 
-KG- 
ILBS) 

volume 

AVAIL 

INDEX 

RE IGHT 


: n 


1*1 r«K(5/'J5E*“ 

(L0/usn 

(•) 

• nnHG* “(JLi c* 
(PSIG> tOEG n 

-watts- 

(BTU/HR) 

DC 

-RaTTS- 

DC 

•RATTS- 

-CU M- 
<CU FTl 

( •• ) 

( ••# ) 

"KG" 

ILrSI 


1 o 

1 

i 

6.000 

- — ■ - . ■ - 

— - 


0 . 

0 . 

• 0 

.0 

13*2 


I 

0 

»•» 


* o 


• 100 




■ « 0 . ) 

( 0 . ) 

.0 

.0 

C 29 . 1 ) 

1 |.2MI 



( 2 1 • 4 > 


* O 

■; — 2 • 

6.000 

.100 




- - — 

0. 

1 0.1 

12 . 

< Ml.) 

30.0 
1 IS.O 

30.0 

,0 

3.1 

1 A.T) 

.02 
1 .ATI 

1 

10 

•0 

I . 0 ) 


T U 

] 

3 

6.000 




0. 

0 . 

.0 

.0 

• S 

♦ 00 

1 

0 

♦ 0 


1-0 


>100 




-i - 0. ) 

C • 0 . ) 

.0 

.0 

< 1 . 0 ) 

1 . 02 ) 



I .01 



*1 

6.000 




0. 

0 . 

• 0 

.0 

.2 

.00 

1 

to 

•0 



O 


• loo 

*•000 

• 100 


0. > I 

0* 

0»l - ( 


0^ I 

12< 
Not ) 


• 0 

30. 0 
I IStO 


30*0 

• 0 


1 .*t) ( 

13*6 

< 29. P) ( 


.001 

• ON 
I .261 


IS 


- » 


• 0 ) 

P"8 

21 •«; 


-*PPl.l»NCt- 

concept 

NO. 


concept 


NAME 


1 - 

2 - 

j — 

1 - 


tET SHAVE PITh SAFETY PaZOR AND CREaN 

DRY SHAVE-ELECTrIC RAZOR/VAcUUM COLLECTION 

DRY SHaVE-RINOUP razor 

DRY SHAVE-VaCUUM ORIVEN "aZoR 

RET SmaVE-SaFETt RA20r/vAcUuM 


(*) 


1 - CABIN AIR 

2 - CABIN AIR 

3 - OXYGEN 


(CIRCULATED). 
(LOST) 

(LOST) 


LITERS/SEC (n^/MIN) 
KG/HR (LB/HR) 


4 - COOLING WATER (CIRCULATED), 


5 - WATER 
•6 - NITROGEN 

7 - NITROGEN 

8 - FREON 

9 - WATER 


(LOST) 
(CIRCULATED). 
(USED) 

(CIRCULATED), 
(PROCESSED) , 


KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 


(LB/HR) 

(LB/HR) 

(LB/HR) 

LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 


(**)AVAILABLE 

(*R*)COST 

INDICATOR 



(1) AVAILABLE 

0-25S 



(2) STATE OF THE ART 

25-50? 



(3) SOME DEVELOPMENT REQUIRED 

50-75S 



(4) EXTENSIVE DEV. REQUIRED 

75-lOOt . 




1 
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3-67 


"f 


*y 


TABLE 3-43 


*PPLI»NCt CONCEPT rUNcnON HATPt* 


O 


INOE* NO. 1.3.2 •••• H*JB CUTTjNo (SPACE STATION) 


o 

concept 

NO. 

Osage consumables and tlow 

Tjme 

peouirenents 

Thermal 

REOMTS 

elec R«" 

RETxYS 

PT/VOl 

ReOMTS 

OE'^ELOwmenT 

COST 

PESUPPlY 

o 


• APT. 

USES/DAT TYPE USED ELOP 

PRESS TEMP 

coolant 

HT LEAK 

PK P#R 

*c 

AVG PpR 
AC 

weight 

volume 

AVAIL INOE* 

■c I GHT 

0 o 

- 

MRS/USE (•) -KG/USE- - • ' 

ILB/USE) (•) 

-MMHG- -OEG C=. 
(PSIGI tOEG n 

-PaTTS- 

IBTU/HR) 

-patts- 

(btu/hrj 

oc 

-watts- 

OC 

-WATTS- 

-KG- 

(LBS) 

-CU M- 
<cu FT) 

(••) (•••) 

-K6- 

(LeS) 

1 

.•30 


0. 

33. 

50.0 

50.0 

.9 

.01 

t 10 

• 0 

1 o 


,02H 


r 0.)' 

1 llH.J 

JI5.0 

.0 

( 2*11 

( .25) 


-I- .0) 

1 

o 

■*2 

.M30 

.09t 


■ ' 0. 

1 0.1 

3. 

< n«i 

• 0 

1 15.0 

.0 

.0 

» 7 

« 1*5) 

.01 

c .25) 

1 10 

• 0 

1 .0) 




• 





















l = a^^uance 

i ' ~ concept - {*) 

NO._ CONCEPTNAmE j 

! D i » pope* clippc«/vacuum collection 3 

. • PAZOR COBB/VACUWN COLlECTjOn ^ 

, _ _ 5 

' • - ‘ 6 

: 7 

8 

_ 9 


CABIN AIR 
CABIN AIR 
OXYGEN 

COOLING WATER 

WATER 

NITROGEN 

NITROGEN 

FREON 

WATER 


(CIRCULATED), LITERS/SEC 
(LOST) , KG/HR 

(LOST) , KG/HR 

(CIRCULATED), KG/HR 
(LOST) , KG/HR 

(CIRCULATED), KG/HR 
(USED) , KG/HR 

(CIRCULATED), KG/HR 
(PROCESSED) , KG/HR 


(FT^/l-nil) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/KR) 

(lb/hr 

(LB/KR) 

(lb/hr) 

(LB/HR) 




(TT) AVAILABLE 

(1) AVAIL/ ••’LE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

( 4 ) EXTENSIVE DEV. REQUIRED 


(***)C0ST 

INDICATOR 

0-25X 
25-50X 
50-755 
75-1005 ■ 


o»c 


O.' 
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TABLE 3 







TION Matrix 


ReSMTS 

elec 

reomTS 

WT/VOI 

ReRmTS 

de'^elowmemT 

COST 

RESOPPlT 

r . 



PX PwR 

Av6 PWR 





1 


hT Leak 

»c 

*c 

We I ght 

Volume 

aVaIL INoe* 

•eight 



-Watts- 

DC 

Oc 

-KG- 

-CU M- 

<••1 <•••) 

-re- 



{BTU/hRI 

-waTTS- 

-Watts- 

ILBS) 

icu ft> 


<LbS) 

c ; 

A 









i 

c ■ 


0* 

• 0 

.0 

• 2 

• 00 

1 5 

• 1 



t o« > 

• a 

.0 

( .5J 

1 >001 


1 * . 1 1 - 

i 









C ! 



.0 

.0 

.8 

• 00 

1 20 

♦ 0 




1 1 

t IS.O 

.0 

1 fSI 

1 tOAI 


1 *0) 

i 



(*) 

. 1 - CABIN AIR (CIRCULATED), LITERS/SEC (FT^/MIN) 

2 - CABIN AIR ■ (LOST) , KG/HR (LB/HR) 

3 - OXYGEN (LOST) , KG/HR (LB/HR 

4 - COOLING WATER (CIRCULATED), KG/KR (lB/HR) 

5 - WATER (LOST) , KG/HR (LB/HR) 

6 - NITROGEN (CIRCULATED), KG/HR (LB/HR) 

7 - NITROGEN (USED) , KG/HR (lB/HR) 

8 - FREON (CIRCULATED), KG/HR (LB/HR) 

9 - WATER (PROCESSED) , KG/HR (LB/HR) 


(***)COST 


(**) AVA1LABLE , INDICATOR 

(1) AVAILABLE 0-25S 

(2) STATE OF THE ART 25-50X 

(3) SOME DEVELOPMENT REQUIRED 50-75X 

( 4 ) EXTENSIVE DEV. REQUIRED 75-lOOX 
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TABLE 3-45 


»PPLI*NCC CONCEPT FUNCTION N»TRIX 


-INDEX_ HO, 2.3.1 •••• _TeETh BRUSH l.NG J SP/I Ce. ST AT I ON 


O 


CiO' 

i 

cr> 

VD 


CONCEPT _ USAGE 

consumables. 

and rco* 

..REOUIrehENTS 

Thermal 

reomts 

_ELEC R"R 

REOmTS 

PT/VOL REOMTS 0E''EL0PMER7 

ReSupplt 

NO, 

TIME 








COST 





amt . 

- ■--- 




PK PAR 

AVG PWR“ 

1 

• 

1 

• 

1 

1 

1 

1 

1 

1 

■ 

f 

f 

1 

1 

• 

1 

1 

• 

1 

1 




USE5/D»T_ 

TYPE used 

FLOW 

PRESS TEhP 

COOLANT 

ht leak 

AC 

AC 

WEIGHT VOLUME avail INDEX 

»E I GHT 


HBS/USE 

«•» -KG/USE- 

• 

-MMHG« -DEG C- 

-watts- 

-WATTS- 

OC 

DC 

-KG- -CU M- |..l (•»•) 

-KG- 

o 

• •••< 



tLB/USE)_ 

( • » 

lPSIG)_iOEG F> 

IBTU/MR 1 

(BTU/HR) 

-WATTS- 

-WATTS-_ 

(LBS) (CU FT) 

(LB5I 

o 

- 1 

6 .ODO 




nt 

_ Ot 

• 0 

.0 

78.5 .27 I o' 

75.3 

o 

• 3 30 




I 0.1 

1 0. ) 

.0 

.0 ( 

|73.0» i 9.401 

( 144.0) 

2 

A«OUO 

5 .05*7 

• A 8 

1551.1 21. I 

C. 

B. 

21.0 

21.0 

i .4 .00 1 ■ 20 ' ” 

T5 


.330-- 

1 .1250)1 

—1.50) 

_130.0l_J_70.01 

. 1 - 0 . ) . 

2 7. ) ... 

pO 

• Q t 

3.S) ( «Q91 

C y 4 f 

V 

J - 

A. 000 



n* 

2, 


6«D 

7S.1 .13 I in 

75.3 


.330 




I 0. > 

< 7. J 

.3 

.0 ( 

144.31 { 1.14) 

1 144.0) 
























CONCEPT 

NO, 


CONCEPT NAME 


.(*) 






2 - CABIN AIR 

(LOST) . KG/HR 

(LB/HR) 

1 

2 

- TOOTHPASTE WITH DENTIFRICE 

WATER PIX 

3 - OXYGEN (LOST) , KG/HR 

4 - COOLING WATER (CIRCULATED). KG/HR 

(LB/HR) 

(LB/HR) 

3 

- ELECTRIC TOOTHBRUSH 

5 - WATER 
•6 - NITROGEN 

(LOST) . KG/HR 
(CIRCULATED), KG/HR 
(USED) , KG/HR 
(CIRCULATED), KG/HR 
(PROCESSED) , KG/HR 

(LB/HR) 

(lb/hr 



7 - NITROGEN 

8 - FREON 

(LB/HR) 

(lb/hr) 

(LB/HR) 



9 - HATER 









(***)COST 





INDICATOR 


(1) AVAILABLE 

0-25S 

(2) STATE OF THE ART 

25-50S 

(3) SOME DEVELOPMENT REQUIRED 

50-752 

( 4 ) EXTENSIVE OEV. REQUIRED 

75-lOOX 
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TABLE 3-46 - 

APPLIANCE CONCEPT FUNCTION HATPI* 


_ INOE* HO, 3.1il_ 1?»*_SU5 FaCE._*IPIN6_I5FACE ST»T10N1 


o 


_C?Nct!^_US,GE__ £?NSUM40LcS_aNo rL0^"Ea“1 "c^ENts TheNN-L PeQhTS rtte "eOhTS HT/VOl. Pe«HT 5 oeVLiOFM,nT n-SUFFiT 

NO, tine ■■ ■ ■■ " %OST “ 



— 




AMT. 





•••• 


FK PWR 

AVG rwR 





- • 




USeS/OaT ttfe 

USED 

FLOW 

PRESS 

Temp 

COOLANT 

HI 

leak 

AC 

AC 

WEIGHT 

VOLUME 

AVa IL 

INdEK 


■ EIGHT 



HRS/USE 

!•) 


-KG/USE- 

• 

-mmhg- 

-DEG C« 

-WATTS- 

-watts- 

DC 

DC 

-KG- 

-CU M- 

{••) 

1 ••• ) ' 


-KG- 

— 





... 

.ilb/usei 

_ « • ) 

_tPS!G) 

(DEG F) 

. (BTU/HR) 

(btu/hr) 

-watts- .-Watts-.. 

(LBS) 

_ (CU FT) . 

__ _ 

, , , 


_(IBS) 

o _ 


— 



_ 

— — 

_ 



- 







— 

— 

- ... 




. .. I 

15.000 

i 


*0:03 

..,00 

,0 

21,1 

105 . 


278, 

600,0 

-360,0 

182.0 

5.87 

2 

30 - 


156,3 

w 


.03 7 


I 

.00071 I 

,00) 

1 ,0 ) 

( 70.0) 

( 360.) 

( 

9rB, ) 

•0 

>0 ( 

823.3) 

(183.30) 



< 

388,6) 





5 


,2248 

_,C0 _15S1 ,<i _ 

21,1.. 












o 




1 

,50001 ( 

,00) 

(30,0) 

1 70,0) 


















- 



— 

. 



. 


, 








. 


2 

15,000 

2 


.0003 

• 00 

*0 

,0 

105, 


275. 

500>0 

360,0 

86,6 

,28 

2 

30 


80,8 


, 

.037 

, . . 

1 

. ,0007 ( ( 

_»00). 

. < .0) 

( ,0) 

_( 360, ). 

t 

886. 1 

,0 

_. .. ,0 . ( 

213.5) 

1 8.30) 



1 

176,3) 

o 



5 


,2ai2 . 

,00 

1551. R 

21,1 
















i 

,62001 I 

,00) 

<3Q,0) 

( 70,0) 












o 

„ 3 

15 .000 







0 • 


0, 

,0 

«0 _ . 

35] , 1 

• 72 

_.l 

10 


-351.2 



• 037 







1 0.) 

( 

0, ) 

• 0 

.0 1 

778.1 ) 

( 25.80) 



t 

778,2) 

- - •— 


15,000 

5 — 

~ 

~,226B 

".oo " 

1551.8 

’ 21,1 

781, 

— 

1 1 , ~ 

52,6 

31,5 

10.5 

■ .05 

_2 

"s6 

— 

1,1 



• 037 



.50001 1 

,00) 

(30,0) 

I 70,0) 

I 2700,) 

1 

37.) 

,0 

,0 1 

23.0) 

( 1,70) 



1 

2.8) 


5 

15.000 

2 


• 0003 

.00 

• 0 

• 0 

105, 


278. 

500.0 

361 ,0 

100.6 

,63 

2 

Jo 


82,5 

ufc 


.037 

• 


.0002 H 

.00) 

( .0) 

( ,0) 

1 360.) 

( 

886, ) 

• 0 

,0 ( 

221,81 

( 22,20) 



i 

181.8) 




5 


,2A3S 

.00 

1551 .8 

21.1 

















.62501 1 

,00) 

130.0) 

( 70.0) 







• 






i 

15,000 

2 


•0003 

.00 

• 0 

.0 

32, 


30, 

57,5 

57,5 

62.5 

1,00 

1 

5 


86,8 



• 037 



,0007) I 

,001 

1 .Q) 

( ,0) 

I no,) 

I 

101,) 

180,0 

180,0 ( 

137.8) 

( 35.80) 



{ 

103,3) 




5 


.238! 

,00 

leio.o 

51.7 













— 





.525011 _ 

.-•00) . 

(35.0) 

( I 25.0) 


. 


• 





■ 






7_ 

15.000 

2 


.0003 

• 00 

.0 

21.1 

105, 


276, 

500. 0 

360,0 

128.5 

5.85 

2 

Jo 


82, 1 



*037 



.00071 I 

.00) 

< .0) 

( 7 0.01' 

( 360,) 1 

886, ) 

,0 

,0 1 285.6) TT82,80) 



T 

Tei.o) 




5 


2.5^02 

• CO 

1551,8 

51.7 

















S.60OOI 1 

• CO) 

(30,0) 

(125,0) 












— 

'~~9 

15.000' 

5 

- 

2.5?86 

~",00 ~ 

1551,8 

51.7 

105, 

— 

276, 

500,0 

■"■360,0 

33.3 

,22 

— ^ 

■"3o 

— 

6,6 “■ 



.037 



5.720011 

• 00) 

(30.0) 

J 1 25.0) 

( 360.) 

c 

886, ) 

• 0 

,0 ( 

73.5) 

I 7,70) 



( 

18,5) 


f 

15.000 

5 


2,6o8 2 

.00 

1551.8 

5| .7 

105, 


276, 

500,0 

360,0 

37.3 

•30 

2 • 

Jo 


8.3 

• 


.037 

1' 

5.7500JT*“ 

~".oo r* 

■ (30,0) 

(125,0) 

1" 360.) 

“( 

886, ) 

• 0 

,0 T 

82.2) 

1 10.70) 



"t 

■ 16.3) 


10 

15.000 

5 


2.5.<a2 

,00 

18|0«0 

51,7 

32, 


186. 

57.5 

57,5 

8] .6 

.88 

1 

s 


~65.3 



,037 


I 

5,6000) ( 

,00) 

(35.0) 

(125.0) 

( 110,1 

{ 

888.) 

180,0 

180,0 ( 

202.3) 

( 38,80) 



c 

188,0) 
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TABLE' 3-46 (concluded) 


IS«OOn 5 .00 _l55J.*t 51. T 105. _ 278. 

.037 I .SOOOH .001 (30.01 (125.01 ( 3«0.) I 9<<e.) 

IS.QOD 5 Tjt 2^8 .00 lYsTTiT" S r.'7 ^3 2 . 30 . 

.017 ( .sooqij «P0K ^1 30. Oj_(J 25.01. < 50. »_.« lOl •>_ 


500*0 IftO'O 8o.*f .13 

.0 ' *0 ( 89,11 ( 9«80l 

~6 7 .“s 5'7T5 '.’o r~ 

l*t0.0 MQ.Q ( 92.11 ( 2.201 


- 

CONCt^T 

NO, C 0 N C C^P-.T N A M. E. - 

1 . _ disposable »(et/o8t wipes 

2 reusable wet WIPES-DISPOSABLE DRT wipes 

_ 3 - disposable WET/DRY wipes (PREPACKAGED! _ 

.~"r - automatic sponge mop 

5 REUSABLE CLEANING CLOTHS DISPOSABLE DRY WIPES 

A - OISPOSABLE cleaning CLOTHS (SKLABl 0 1 SPOSASLE'dRY WIPES 
7 - . disposable wet WIPES REUSABLE ORT WIPES 

8 " reusabble wet/ory wipes 

9 « reusable cleaning CLOTHS/DRY WIPES ' 

10 ■ disposable Cleaning cloths reusable dry wiocs 

I 1 - SPONGES/ENCLOSEO. WETT ING. uni t 

12 - SPONGES/SKTLAB type wetting unit 


1 - CABIN AIR (CIRCULATED), 

2 - CABIN AIR (LOST) 

3 - OXYGEN (LOST) 

4 - COOLING WATER (CIRCULATED), 

5 - WATER (LOST) 

6 - NITROGEN (CIRCULATED), 

7 - NITROGEN (uSED) 

8 - FREON (CIRCULATED), 

9 - WATER (PROCESSED) , 


(**) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

( 4 ) EXTENSIVE DEV. REQUIRED 


LITERS/SEC 

KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 


(FT^/HIN) 

(LB/HR) 

(LB/HR) 

(lb/hr) 

(LB/HR) 

LB/HR) 

(LB/HR) 

(L8/HR) 

(LB/HR) 


(***)COST 

INDICATOR 

0-25S 
25 -SOX 
50-75X 
75-lOOX • 


3-72 


TABLE 3-47 


APPLtkNCt CONCEPT rUNCTION M*T«;X 


i 0 

INOt* NO, ),2,l 

•••• manual 

PEPUSC 

COLLECTION ISPacE 

STATION! 









t ^ 

CONCtPT usage 

consumables 

and Flow 

REOUIRCMENTS 

Thermal 

REOHTS 

tLEC P"» 

PEOmTS 

WT/VOL 

PEOhTS 

OfRELOPHCNT 

RESUPPLY 


ho. Time 










COST 


' o 

It. 

AMT. 

- 




PK PAR 

AVG PWR 






1 

USES/DAT 

TYPE- used 

FLOB 

PRESS TEPP 

COOLaNT 

hT leaf 

AC 

AC 

Weight 

VOLUHt 

aVaIL 

INOE* 

■e 1 SHT 

c o 

MRS/USE 

i*l -KG/USE- 

■* 

“MMl’G- -DEG C-' 

-watts- 

-watts- 

oc 

OC 

-KG- 

-cu M- 

(••1 

< ••• 1 

-KG- 


(LB/USEI 

1 •» 

(PSIG) tOEG n 

I btu/hr ) 

(BTU/hRI 

-Watts- 

-Watts- 

(UBS) 

«CU fti 



ILaS) 

I .COO 




0, 

0. 

.0 

• 0 

IS3. 1 


1 

5 

M2.N 

; o 

• POO 

,» 




1 0.) 

1 0.1“ 

.0 

.0 

1337.41 

( 22.SII 



K 3M.01 

• 

2 .000 




0. 

0. 

.0 

.0 

15l .5 

1.56 

I 

20 

110.2 

! o 

• coo 




< o.i 

1 o.i 

.0 

.0 

133m. 01 

I 55. Ml 



1 2R3.01 

3 ,000 




0, 

0. 

.0 

.0 

152.5 

.f 6 

I 

20 

MW. 2 

: 0 

,000 




» 0»> 

I o.i 

.0 

.0 

I 336.1 ) 

I 33. W7) 



< 3IB.01 

• . 

■j 















~»^pli*ncc — 

concept 

— NO, concept 


N * N E 


disposable TR*Sh bag — 

PCUSABLC baste RECEPTicLEs 
disposable waste RECEPTIClEs 


1 - CABIN AIR (CIRCULATED), LITERS/SEC 

2 - CABIN AIR (LOST) , KG/HR 

3 - OXYGEN (lost) , KG/HR 

4 - COOLING WATER (CIRCULATED), KG/HR 

5 - WATER (LOST) , KG/HR 

6 - NITROGEN (CIRCULATED), KG/HR 

7 - NITROGEN (USED) , KG/HR 

8 - FREON (CIRCULATED), KG/HR 

9 - WATER (PROCESSED) . KG/HR 


(FT^/HIN) 

(LB/HRl 

(LB/HR) 

(lb/hr) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(lb/hr) 


(**) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

(4) EXTENSIVE DEV. REQUIRED 


(***)COST 
. INDICATOR 

0-25X 

25-50S 

50-75X 

75-IOOX 


I 
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TABLE 3^48 


*P^U ANCf CONCEPf rUNCTlON MAfUlx" 



_|NOtx _NO, 3.2, J 

• ••• 

Vacuum 

_RCroSE_ 

collection (SPACE 

STATION) 







/-s 






R REOmjS 

»T/V0L R£Om^« DrvELOPMrNT 




CONCtP^^ gSAOC 

CONj 

gMABLES_ 

AN0_rL0» 

_PC«gl?E 

MENtS 

thermal 

REQMyS 

ELEt.Pw 

•EmuP^’- ▼ 

■“““ f\ 


NO, TjME 







COST 



1 " 

UStS/OAT 

HPS/USt 

AMT, 

TTPt__ used 
!•) .KS/USE.~ 
(LB/USE) 

_.flo« _ 

• 

(,1 

PRESS 

.mmhG. 

_JPS1G)_ 

TEMP 
-OES C-' 
(OES fj 

coolant 

-NATTS- 

JBTU/HR 1_ 

HT LEAK 

-ratts. 

JBTU/hR) _ 

PK P«R 
aC 

ot 

_-WaTt5._ 

AVO P«R 
AC 
DC 

_,WATtS* 

WEIGHT volume AVAIL 
-KG- -CU M- 
(LBS) (CU FT) 

index 

(•»•) 

weigmt 

-KQ- 

(LBS) 

o 

o 














o 


1 .5.000 ... 






n. 

. 77, . 

.0 . 

fl 0 

13,8 . - ,02 1 

s 

fl 7 


n 

.oaj 






{ 0,1 

1 262,1 

115.0 

•0 « 

3o><4) { ,B6I 


1 ,M 1 

~ o 


2 S.OOO 



■ 



0, 

160, 

2V0.0 

• tJ 

M,7 ,01 1 

20 

•2 


ZJ 

— ,082 _ 






i 1 

1 SM4«J 

• 0- 

.. 1 tn.ul t 



c 


3 5.000 _ 

3. .. 

-,♦215... 

-.5,55 

.0 

11,1 

0, 

0, 

.0 

,0 

57 m ,9 ,o:- I 

25 

SSf ,3 


1 

.o«z 

< 

1.37001 I 

10.001 

t .0) 

1 70,0) 

1 Ot) 

( 0,1 

,0 

,0 <1267, M) t .26) 


11233.01 



O 


APPUtANCC 

CPNCtPT ^ 

NO, concept N*NC. 

I - V»CUUN CLCUNCP tSICYL*Br 

V*CUU« CLEANER (COMMERJCAL) _ 

3 - VACUUM cleaner. vented to space 


{*) 

1 - CABIN AIR 

2 - CABIN AIR 

3 - OXYGEN 

A - COOLING WATER 

5 - WATER 

6 - NITROGEN 

7 - NITROGEN 

8 - FREON 

9 - WATER 


(CIRCULATED). 
(LOST) , 
(LOST ) 

(CIRCULATED), 

(LOST) 

(circulated), 

(USED) 

(circulated), 
(processed) , 


LITERS/SEC (FT^/MIN) 
KG/HR (lb/hr) 

KG/HR (l.B/HR) 

KG/KR (lB/HR) 

KG/HR (LB/HR) 

KG/HR U.B/KR) 

KG/HR (LB/.HR) 

kg/hr (L8/HR) 

KG/HR (lb/hr) 


tK 



(***)COST 


(**) AVAILABLE INDICATOR 

(1) AVAILABLE 0-25S 

(2) STATE OF THE ART 25-50J 

(3) SOME DEVELOPMENT REQUIRED 50-75S 

(4) EXTENSIVE DEV. REQUIRED 75-1005 


> 


J 
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TABLE .3-49 , .. 

*fPL* ANCt COnCEI*! FUNCT* On HATH* * 


Tn6eA no. 3.2.1 •••• Iffost processing I'SPACe SUTiOnT' 


concept USaCE 
HO « 1 1 M E— 


consumables aNo FLO" reouirements 


thermal REOmTS 


_ ^''T. _ 

USES/DAT Type used fLor"' PRESS TEMP “ cOOLaNT ht leak 

mrs/use • I_..-KG/USE« • -MMHG- *DEG C-_ -RATTS- -RATTS- 

tLB/USE»~ ’t»l ' (PSiGI (DEG F> (BTU/HRl (6TU/HR) 


ELEC ReqmTS WT/VOL Re«MTS OE'^ELOPMenT ' ReS^^^U'^ 

PK PRR AVG pRR _ 

aC AC " HEIGHT volume A'^AIL INDE* HEIGHT 

OC OC -KG- -CU M- {‘.I l*«»> -KG- 

-RATTS-“ -RATTS-“" (UBS) (CUFTI " ILBS> 


.200 

.017 


S.200 
. .017 


i .0000 .00 ISlO.O 21. I 

I tOOOOlL fOQL 135.01 J_7 q.o) {. 

-2. >0163 .0 0 . 0 »0 

I .0360)1 .00) < tOI ( >0) < 


0 . 

l_ 0.| 

0 »,_ 

I 0. ) 

50. 

.« 161. J, 


.0 

_ 10.0 _L 

...o 

10.0 ( 

"715.0 

. 0 — 1 - 


55.1 

123.21 

—87.8 _ 
113. S) 

68.2 

128.21 


.21 2 

(-7.11) 

.31 2_ 

( 10.151 

.21 ““a" 

-l-.-7.l0l 


21.S 

17.3) 

52. 6_ 

( 116 . 1 ) 

21.S ' 

-1-17.3) 


1 .0000 *00 1810*0 21*1 

- 1 .0000)1 .00) 135.0) 1 70*n) 1 _ 

2 *0 I 63 iOO E.0 10 

I .0360)1 .00) 1 .0) ( .0) ( 


0 . 

0 *_ 

. . 0 , 

.0 


33,7 „ 


.53 

2 

50 

21*5 

0 .) 1 

0 . 1 

• 0 

• 0 

( 

71 . 1 ) 

1 

)8.ei ) 



1 17.31 

0 * 

HI. 

715.0 

715.0 


81.1 


*25 

2 

10 

21*5 

0 *) ( 

Sol. ) 

) 0»0 

10.0 

1. 

118 . 2 ) 

( 

1 * 00 ) 



J 17 . 3 ) 

0 . 

111 . 

715.0 

715.0 


I 05 .5 


*25 

2 

10 

34.7 

0 *) 1 

5 q 1 . ) 

10.0 

• 0 

-1 

232 . 5 ) 

( 

1 . 00 ) 



1 00 . 1 ) 

0 . 

111 . 

) 190.0 

• 0 


12.2 


.25 

2 

10 

2 ) • 5 

0 .) . 1 

678 .) 

716,0 

.0 _ 

1 

203 . 2 ) 

{ 

1 . 00 ) 




1 17 . 3 ) 


1 

21.300 






0. 

HI. 

715.0 

7lS,o 

67 

>8 


.0)7 





1 

0.) 

1 501.) 

.0 

• 0 < 

Hir 

.1 ) 

1 

2«000 

1 

.0000 

1.11 

.0 

»0 

0. 

1311. 

“hoo.o 

•0 

"l22' 

.8 


>2.000 


( *0000)1- 

20,00) 1, 

.0) 

• *0)1 

0* ) 

11740. ) 

• 0 

*0 Y 

77^i 

1 7 ) 

10 

2.000 

3 

*5820 

*00 

.0 

2)*) 

0* 

111. 

1000.0 

•0 

3l 1 1 

)*» 


>2.000 


1 l*283o)( 

• 001 1 

.0) 

• 7o*0) ( 

0*> 

13110. ) 

• 0 

•0 ( 

FS2i 

.7) 

1) 

2.000 

3 

* 1706 

.00 

• 0 

21*1 

0> 

1311. 

HOO.O 

•0 

|8Vi 

.8 


12.000 

- 

_( *376011_ 

.*00) 1- 

„*0)_ 

1 7Q.Q) 1 

— o*)_ 

_11760.)_ 

-*0 

•0 (- 

_1 1 8. 

.1) 


*S8 _ 

( 20 . 10 )" 

2.11 

175 . 10 ) 

2.q5_ 

< 72 , 50 ) 

) .62 " 
(.57.20>_ 


_ 2 * 000 . 
1 2 >000 


_3 • 22.1 1 .n o 62 058, Q 2 1 » | 

I .5050)1 .00) )200.0) ( 7o.O) ( 


811. 

13070. ) 


_3 6 6* 0.^ 

8 q6 . 8 ) 


2,11 3_ 

( 86.20) 


21*5 

I 17.3)" 

11*6 

.« 71.7) 

251 .5 _ 

1 5S1.1) 

103,1 

J .227,1)_ 

T"2 7lT2r 



Cm ^ 
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3-76 




50 


TION HATRI* 


REQhTS 

ElEe p*" 

reomYs 

*T/Vql 

REiJmYS 

OE^flOPm^rY 

COST 

wESUppj^t 

HT 

LEAK 

PK PuR 
AC 

AVG PWR 

AC 

WE IGNT 

VOLUME 

avail inoe* 

*E IGMT 

-WATTS- 

DC 

f>c 

-kg- 

-CU M- 

{••} (•••) 

-K6- 

<BTU/hR> 

-watts- 

-watts- 

<L0S) 

«CU FT, 


'LbS, 


0* 

• 0 

.0 

23$.’ 

16.42 

1 10 

Sw.* 

1 

0* > • 

«0 

.0 

C520*0> 

«587.00» 


1 l»0«3» 


0, 

.0 

.0 

WW.3 

14. S7 

1 10 

• 0 

( 

0»l 

,0 

.0 

< 9T.4» 

(S85,00> 


1 1 .♦! 


0> 

• 0 

.0 

2W8.4 

• ?3 

2 3S 


-t" 

Oi > 

10.0 

■ - .0 

<5*t8.0» 

« 25.W0I 

— 

i W21»RI 


(*) 

1 - CABIN AIR (CIRCULATED), LITERS/SEC (FT^/MIN) : 

2 - CABIN AIR (LOST) . KG/HR (LB/HR) - C i 

3 - OXYGEN LOST) , KG/HR (LB/HR) ' 

4 - COOLING WATER (CIRCULATED), KG/HR (LB/HR) ” • j 

5 - WATER (LOST) , KG/HR (LB/HR) C ; 

6 - NITROGEN (CIRCULATED), KG/HR (LB/HR) i 

7 - NITROGEN (USED) , KG/HR (LB/HR) J 

B - FREON (CIRCULATED), KG/HR (LB/HR) C 

9 - WATER (PROCESSED) , KG/HR (LB/HR) 


(♦**)COST 


(**) AVA1LABLE INDICATOR 

(1) AVAILABLE 0-25S 

(2) STATE OF THE ART 25-50S 

(3) SOME DEVELOPMENT REQUIRED SO-75* 

(4) EXTENSIVE DEV. REQUIRED 75-lOOX 
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*^PU*NCE 



3-51 

FUNCTION HATRI* 


'(t- » 


thermal 

REUHTS 

elec fwr 

REQHTS 

•t/vol 

REQHTS 

oevelopheht 

COST 

RESuPFlT 




PK P*R 

AVG PWR 







COOLANT 

HT leak 

AC 

AC 

WE 1 GHT 

volume 

avail 

INDEA 

WEIGHT 


-watts- 

-watts- 

DC 

DC 

-KG- 

-CU M. 

(••) 

( ♦»• ) 

-KG- 


(BTU/hrI 

IBTU/mRJ 

-WATTS- 

-watts- 

(LBSI 

ICU FT) 



(LSS) 











r- 

Ot 

MSB. 

22S.0 

.0 

159.9 

*51 

0 

70 

(6.9 

. 

( Ot) 

tlTBOt > 

• 0 

.0 ( 

352*51 

( 16*10) 



( M*6) 

c 

0* “ 

■ M/0* 

237*0 

• 0 

} b 6 • / 

.5<* 

0 

60 

11.9 


( 0* > 

15020* 1 

*0 

• 0 ( 

3<*5*5 » 

1 19.10) 



( 91«6) 


5T3. 

1 3SS* 

216*0 

.0 

261*0 

2*0<* 

0 

90 

16.9 


« 202S«I 

(<*726.1 

6Bl *0 

*0 ( 

575.51 

( 71.90) 



“( 9l»6) 


5T3f ■ 

■ J352. 

216*0 

- , 0 — 

265. f 

2*0<t 

■ 0 

»0 

16.9 


1 202S«I 

M6|8* > 

661*0 

tO ( 

561*51 

i 71.90) 



( 6M6) 


0« 

1306* 

75*0 

• 0 

168*9 

*<*H 

0 

95 

67.7 


( 0> i 

(>*‘*66* » 

*0 

• 0 ( 

<*16.51 

( 15.70) 



( M9.2) 



0* 

1306. 

75.0 

.0 197*1 *<I3 0 

95 

• 2.3 

0*) 

I<*‘t6e. ) 

*0 

.0 ( <*3<*.5) ( 15.20) 


1 IBliS) 



0. 

)<*70. 

237*0 

.0 

159.9 


.53 

0 

90 

16.9 

1 

0* ) 

(5020* ) 

*0 

.0 

( 3S2.5) 

1 

I6»^60) 



1 91.6) 


0* 

2770* 

1537*0 ■ 

.0 

166.7 


*57 

0 ■ 

60 • 

j6.9 

1 

0* ) 

«9<*60* ) 

*0 

.0 

( 367.5) 

( 

20*10) 



J_ 9 1 * 6 ) 


395. 

25<*. 

l<t<**0 

.0 

117.6 


1*22 

0 

So 

16.6 

1 

1350.) 

( 666*) 

<t5<l*0 

.0 

1 259.6) 

< 

■*3.10) 



( 37.0) 


0. - 

M7d* 

237*0 • 

.0 

159.9 


.53 

0 

So ' 

}6.9 

( 

0.) 

(S02Q.) 

.0 

.0 

( 3S2.5) 

1 

16.60) 



( 91.6) 
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TABLE 3-52 

*^PL|*NCE concept function H*T(U« 


index NOt 3t3*2 •••• QaRHCNT/lINCN DPTINS |SP*CE STATION) 


concept USaCE 
NUl Ttwr^ 


consumables and flow REQUIRENENTS 


TMERHAL REONTS ELEC PR* RC0NT5 RT/VOL RE8NTS OEVELOPNENT RESUPPLT 

_ .. "^st‘ 


■ ■ A«Tt PK PbR ■ AVO PrB 

OSES/DAT TYPE USED FLOR PRESS TEmP cOOLaNT HT LEA* AC AC REISHT VOLUME 

NRS/USE --C»J - -)C6/USE- * -MMHS- ‘OEs C- -RATTS- -WATTS- OC DC -F6- -CU M- 

ILB/USE) (•) IPSIG) loEO FI IBTU/hR) IBTU/HR) -WaTTS- -RaTTS* (LBS) (CU FT) 

rrv««s(cr*T*Trrrrw'«*«*A'A~r«7rrAY7i*V*»******V*VG •••••••••••••••■•»•• ••••••• •••••••••• 


Pk PWR ■ AVG PwB 

AC AC weight volume avail INDEX WEIGHT 

OC DC -KG- -CU M. (•••)' -kG- 

-WaTTS- -RaTTS* (LBS) (CU FT) «LB5) 


1 2.000 






l»8. 

lOA. 

72.0 

(0 

3*. 3 

iSO 

2 

30 

.0 

. 

••.000 






< 67$. ) 

( 3A3.) 

227.0 

.0 

1 ao.o) 

1 17.60) 


1 

.0) 

~c 

1 2iOOO 






328. 

JSl. 

T3.0 

.0 

ai .A 

.AN 

3 

AS 

.0 


M.OOO 






i 1120.) 

( SIS.) 

.0 

.0 

) lao.o) 

( 22.70) 


1 

• 0) 

r 


002 1 

.00 

.0 

.0 

0. 

?5. 

137.0 .0 2l‘).0 

• TS 3 


|3)«2 


00*7) f- - 
3A29 

iOO) "1 
.00 

.0) 1 
• 0 

.0) 1 

.0 

0.1 

1 325.) 

•0 “ ' .0 1 N71.7) 

< 33.71) 

__ 

t 281.3) 


‘8 000)'l 

.00) T" 


.0) 









03*5 

• 00 

• 0 

.0 

07A0IT~ 

.00)~ 

“1 .oi~r 

.or 

3A2* 

.00 

• 0 

.0 

8000)1 

.001 

1 .0)1 

.0) 

03*5 

.00 

• 0 

.0 

07*0)1 

.00) 

1 .0)1 

.0) 

3A21 

.00 

.0 

• 0 ' 

eoooM 

.00) 

1 .0)1 

.0) 

03*5 

• 00 

.0 

• 0 


l“ .07*0)1 
i3*2V 

T TRODOTT 


88. 

*5. 

137.0 

“■.0 

3*.» 

.51 

300.) ( 

325.) 

101.0 

.0 

1 77.0) 

( 17.90) 

0. 

0. 

SS.O 

.0 

212.7 

. Al 

0. ) I 

0»T" 

.0 


■( NA1.0) 

1 21.51) 


-t. *0» 

1*2 1?__ 

( 3lS.Q) 


0. 13. 

0.) ( MS.) 


0. I3> 

0. > I ■ *5. ) 


.0 21T.5 .AN 

.0 ( N8N . q ) ( 22 J.5 IL 


.0 22A.3 .A* 3 

• 0 i NTT.O) ( 2N.0I ) 


|N2.T 

( 3|S.O) 


0. '■ NA. 

7.0 

• 0 

22.7 

3.A8 

0.1 1 157.) 

.0 

• 0 

1 50.0) 

.1130.00) 

0. 251. 

3.0 

.0 

IS. 1 

3.9A 

"OTT l~883rj 

"25r.O 

T1D~ 

~1 *0.0) 

TT*o.oo) 
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TABLE 3-53 


- ' " - »PPUt*NCE CONCEPT ruNCTION M»TRl* 

INDEX NO, 3, ),&•••• fi*RNENT/UNEN «*SHER/0RYER-0 I SPOSaBUE CLOThES (SP*CE ST*T|0N| 


concept usage 
Wi tine — 


consumables and Fuod Requirements 


TmeRmXL reqmts 


EUEC P*R ReQMTS «T/V0L REBMTS development ReSUPPLT 
cost’ 


amt, PK PMR AV6 P«R 

USES/DAT TTPE USED rLON PRESS TEMP COOLANT MT LEAK AC AC PEIOHT VOLUME AVAIL INDE* WE16MT 

NR5/U5E ~I*J -Kq/USE- • -MMHG- -OEG C* •RATTS- •RaTTS- DC DC -.KG» .CU H, (•»)(•»»} •KO- 

(Lb/USEI I*! IPSIGI IDEG FI IBTU/HRI (BTU/hR) -RaTTS- -RATTS* ILBS) tCU FT) <LBS) 


f nv.bvao 
1 lO.ODOOM 

RT,eV40 

110,00001 < 


~9 RV. BV60 

liO.OOOO) I 

9 RV.BVAQ 

~ 1 10.00001 I 

-9 RV,8»40 

110,00001 1 


198, IM70, 

*75, J 15020,1 

—328, 1*)70» 

1120,1 (B020,1 


,0 234,1 

,0 I 520.51 

"iO 283.7" 

,0 < *25,51 


1,32 
I R*,761 

— r,*«” 

I 59, RSI 


I*. 9 

I RI«* 

i*.r 

I Rl •* 




o 

3 

2.000 

9.000 

9 

R9. 8940 
tiO.OOOOM - 

,00 
' ,001 

1 

,0 

,01 ( 

,0 

,01 

( 

0, 

0,1 

1170, 
(5020, 1 

237,0 

,0 

,0 

,0 

( 

328.2 

723,51 

5,01 

(17*,751 

3 

70 

(8,9 
1 11,4 



' 

1 

-2,000“ 

9 — 

-19,8940 — — 

""i00“ 


TO 

.0“ 


Oi 

1170, 

237. 0~ 

,0 


'323, *- 

5.29“ 

3 

*0 

1*,9 


1 

o_. 


5,000 


110,00001 I 

,001 

( 

,01 I 

,01 

1 

0,1 

(5020, 1 

254,0 

,0 

( 

713,51 

nB*,7S1 



— 

( 11,4 

CO 



» 

2.000 

9 

19.89*0 

,00 


,0 

,0 


198, 

1170, 

237.0 

,0 


239.3 

1,31 

2 

10 

,8,9 

CO 

* 



5.000 


1 10.00001 I 

,001 

( 

,01 1 

,01 

( 

*75. 1 

(5020,1 

227.0 

.0 

( 

527.51 

I 14.251 



1 11,4 


1120,1 (5020,1 

0, M70, 

0,1 (5020,1 

Oi lR70i 

0,1 (5020,1 

0 , 0 , 

0,1 ■( 0,1 ■" 


TO 28*. 9 ” 
,0 ( 432.51 

,0 2N3.B 

,0 ( 537,51 

"TO 2 39.3“ 
,0 ( 527.51 

,0 *93.* 

,0" "(1529.01 


t,4* r 

( 58, RSI 

1,99 3 

(l7*,2Sr 

5T27 r 
n«*, 151 

B,2l l_ 

(290,001 


I 8, 9 

I R1 *9 

|8,9 

i It,* 

(. *11, * 

*78,* 

1Ki9*.0 
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TABLE 3-54 


•frUJANCE concept rUNCTION matrix 


- 

INDEX NO. R«t,t 

•••• HUSIC 

ISPaCE STATION! 












concept usage 

CONSUnABLES 

and FlOH 

RCQU I Rements 

thermal 

reomts 

ELEC PRP 

REOMTS 

RT/VOL 

reumts 

development 

RESUPPlT 

o 


TJO. 'TIME 











COST 




AMT. 
TTRC USED 

lAI !.K0/USE« 
UB/USEI 






PK PAR 
AC 
OC 

-RATT5- 

AVG PRR 
AC 
OC 

-RATTS- 






o 

USES/OaT 

FLON 

PRESS 

-mmmg- 

(PSIG) 

TEnP 
-OEg c- 
(OEC F> 

coolant 

-RATTS- 

IBTU/HR) 

mt leak 
-ratts- 
ibtu/mhi 

RE IGHT 

-K6- 

(LBSi 

volume 
.CU M- 
ICU FT) 

AVAIL INDEX 

(*•) (•••) 

reigmt 

-KGo 

<LBS) 

o 


«•! 

o 














o 


1 3.000 





0. 

30* 

30*0 

30.0 

RA.M 

• OB 

1 s 

• 0 

O 

_> 

ZtOOO 





1 Ot > 

I 1020 

«0 

.0 1 IMR.MI 

1 2iVB) 


( «0) 


.0 













O 

















XPPLIXNCE 

concept 

Ntn c — 0 

— N- 

r-irt 










■ 



I — -- — CxSSEtTt-ft-xTtR/REcORDER - - 


*' * 

t T .. 
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TABLE 3-55 

AfPL I »MCJ|_C.PHCt:Pl_ FUNCt 1 0»). HATR I * 


iNOtl NO. •••• LlBNANT tSP*Cf ST»TI0N3 


CONCEPT USH6E CONSUMAf^LES AND FuOw REQUIREMENTS' 

_ NO, , time _ . , 


THERMAt REOMTS ELEC P** REQmTS »T/V0U REOMTS OEVElOPMCnT RtSUPPuf 

COST 




amt, 

uses/oat TTPE USeO FLO* PRESS TEMP COOLANT HT LEAK 

MRS/OSE l»> »K G/uSE» • rMMHG-_-OEG„C» -*ATT5“._.-*»TTS- 

(Le/USE» »«I (PStGI «DE6*F| IBTU/HRJ (BTU/HRI 


PK PWR AvG P*R 

AC AC WEIGHT VOLUME AVAIL INOE* WEIGHT O 

_ DC DC ?FG- ^-CU M* *KG- 

-watts- -watts- ILBSI (CU FT) JLBS) 
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TABLE 3-58 

J!iP.PLL*NCC. concept. . rUNCTION.HAlRj' 


INOCX NO. •••• CkEr'CISCRS tSpACC STATION! 


; 

















CONCEPT 

USAGE 

consumables 

AND Flo* 

REOUIRENENTS 

thermal 

REOMTS 

ELEC PWP 

REOhTS 

RT/VOL 

REOMTS 

OEVELOpMEnT 

RESUPPlF 



NO. 

T JME 

- 










COST 


c 




AMT. 






PK PwR 

AVG PWR 








uses/oat 

TYPE used 

FLOR 

PRESS 

TEMP 

coolant 

HT LEAK 

AC 

AC 

WEIGHT 

VOLUME 

AVAIL index 

weight 

r' 



HRS/USE 

(•) -KG/USE- 

• 

-hmhg- 

-0E6 C- 

-ratts- 

-WATTS- 

-OC 

-DC 

-KG-. 

-CU M- _ 

t»«»l 

-*G- 


i 



|LB/USC> 

!•» 

(PStGI 

lOEG F) 

IBTU/HR) 

IBTU/HR) 

-watts- 

-Watts- 

«LBS» 

(CU FTJ 


(LBS) 


I 














V 

! 















V 

1 0 

1 

6.000 





0. 

0. 

.0 

.0 

.9 

.01 

1 S 

<0 

0 

i 


1 .009 





I C.) 

t 0 • ) 

. .0 

.0 (_ 

2.*0L 

_( .361 


_t .01 


i 0 

1 

2 

6.000 





. .0. 

_ .0... 

.0 

.0 .. 

.. #2 . 

. ... .00 

.1 . s 

. .0 

r 


• 000 





( Ot> 

( OtI 

.0 

.0 ( 

.SI 

( .ON) 


1 tO» 




o 

















u> 
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APPLIANCE 

concept 






• 

00 


NO. 

CONCEPT 

■”n"A h E 







1 - 

2 - 

rxCR-GT« 
hand exerciser 
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TABLE 3-59 


»pplj*nce concept function H*TR|* 


INDEX NO« Sil.l •••• autoclaves (SPACE STATION} 


concept usage 

consumables 

AND PLOa 

REOUIREHEHTS 

thermal 

REWHTS 

elec P"R 

REQmTS 

aT/vol 

REOMTS 

OEVELOPMENT 

•ESOPPlT 


N or"" T THE 










COST 



USES/DAT 

AMT, 

type used 

FLOA 

PRESS TEmP 

coolant 

HT LLAK 

PK PAR 
AC 

AVG PAR 
AC 

AEIGHT 

VOLUME 

AVAIL INDEX 

•EIGHT 


-- ' HRS/USE 

l»|- -kg/use- 

# 

-MMHG- -OEG C- 

• liAtTS* 

-AaTTS- 

oc 

DC 

-KG- 

-CU M- 

(•••! 

-KG- 

o 


(Lb/use) 

(•» 

IPSIG) (DEC F) 

(BTU/MR) 

(BTU/HRI 

•AATTS* 

-AATTS* 

(LBS) 

ICU ft> 


(LBSI 













O 



1 

1.000 

2 


.0603 

• 00 

• 0 

tO 

0. 

308* 

ISJO'O 

6SS.0 

2M.7 

• 16 

1 

2S 

tO 

. 

O " 


.Soo 


1 

.1330) 1 

• 001 

1 .0)1 

.0) 

I 0. ) 

1 I0S3> ) 

• 0 

.0 ( 

SN.V) 

1 S.S8) 



1 .0) 

c 




» 


.0717 

R.SV 

ISSI.R 

2|.l 















— 1 

1 5 8 0 1 T ~ 

10.00) 

■ I30«0)^ 1 

70.0) 









---- 


o 



















— 

— J — 

-- 1 .000 • 








Of 

*(21. 

800»0 

2ST.0 

10*9 

• n 

1 

25 

tO 


• 


2.330 







1 0«l 

1 H3S«) 

.0 

.0 1 

2V.0I 

1 9.70) 



1 «0| 


O — 


















r- 


a 

1.000 

2 


.0603 

• 00 

.0 

• 0 

Of 

H2> 

230*0 

171.0 

239.0 

.26 

2 _ 

MS 

2|6t0 




~20»100 


1 

■» 1 330IT~ 

— *001 

~l ■ • •0 7‘T 

• 0I‘ 

— t 0.1 — 

-f 381 ♦ » 

♦ 0 

*0 1 

S26 .81' 

1' 9.03) 


^ “ — 

— T-<I74.27 

"" 

0 



5 


.OOIH 

.00 

.0 

.0 










-■ 


•* 

— - 




.00301 t' 

- .00) 

1 .0)1 

.0) 












appliance - - 

' CONCEPT 

. NOi C 0 N C E P T N-A H C ' 

1 — • noist-ncttt 

2 - OHT HEAT 

a— — -ETHYLENE OA|Ot 


(*) 


1 - CABIN AIR (CIRCULATED), 

2 - CABIN AIR (LOST) 

3 - OXYGEN (LOST) 

4 - COOLING MATER (CIRCULATED), 

5 - WATER (LOST) 

6 - NITROGEN (CIRCULATED), 


7 - NITROGEN 

8 - FREON 

9 - WATER 


(USED) 
(CIRCULATED), 
(PROCESSED) , 


LITERS/SEC 

KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 


(FT^/MIN) 

(LB/HR) 

(lb/hr) 

(lb/hr) 

(LB/HR) 

(lb/hr) 

( LB/HR) 
(LB/HR) 
(LB/HR) 




(***)COST 

(**)AVAILABIE 

INDICATOR 

(1) available 

0-25S 

(2) STATE OF THE ART 

25-502 

(3) SOME DEVELOPMENT REQUIRED 

50-752 

( 4 ) EXTENSIVE DEV. REQUIRED 

75-1002 
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4.0 VEHICLE CREW APPLIANCE REQUIREMENTS 

Shuttle and Space Station requirements for crew appliances are discussed 
in this section under Paragraphs 4.1 and 4.2, respectively. Requirements 
for each habitability subsystem are developed from the component habit- 
ability function requirements, and the resulting subsystems requirements 
are combined to form the basis of the total appliance system requirement 
of each spacecraft, Basic appliance system requirements defined are: 
heat rejection, electrical power, weight, and volume. The rationale behind 
each habitability function requirement, and the appliances which are included, 
are discussed. 

4.1 SHUTTLE CREW APPLIANCE REQUIREMENTS 

The Shuttle Orbiter vehicle requirements for crew appliances were determined 
exclusively from those described in Reference 276 unless otherwise noted. 

Most of the data documented in Reference 276 were developed for a baseline 
mission of 42 man-days (14 men and three days); therefore, alterations were 
made to the requirements data to make it representative of the 82 man-day 
mission assumed for this study. 

The resulting Shuttle appliance system requirements are tabulated in 
Table 4-1. The total requirements listed at the bottom of the table 
represent the summation of all the subsystem requirements developed in the 
following paragraphs with the exception of heat rejection and electrical 
power. For these requirements, it was assumed that the heating and elec- 
trical loads for the housekeeping subsystem (electric vacuum cleaning) 


TABLE 4-1 


SHUTTLE APPLIANCE SYSTEM REQUIREMENTS 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 


PEAK 

AVG 

DEMAND 


m 

SUBSYSTEM 



WATTS 

WATTS 

WATT-HR 

DAY 

i^n 

Bl 

FOOD MANAGEMENT 
(FROM TABLE 6-2) 



893.0 

TBD 

1201.0 

' 38.4 
( 84.7) 

0.170 
( 6.0) 

PERSONAL HYGIENE 
(FROM TABLE 6-3) 


165.0 
( 563.1) 

805.0 

TBD 

636.6 

588.4 

(1297.2) 

1.546 

(54.6) 

HOUSEKEEPING 
(FROM TABLE 6-4) 


60.1 
*( 205.2) 

*80.0 

60.0 

120.0 

41.0 
( 90.4) 

0.521 

(18.4) 

OFF DUTY 
(FROM TABLE 6-5) 


. 165.4 
( 564.4) 

250.0 

TBD 

740.0 

85.5 
( 188.5) 

0.283 

(10.0) 

* OMITTED FROM TOTAL 








SYSTEM TOTAL 

8.4 

(28.6) 

1052.2 

(3591.2) 

1876.0 


3175.0 

753.0 

(1660.0) 

2.523 

(89.1) 
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4.1 (Continued) 

would not be imposed coincidentally with those of food management and 
personal hygiene. 

4.1.1 Shuttle Food Management Subsystem Requirements 

Food management subsystem habitability functions necessary for the Shuttle 
mission are: 

0 Food Storage 
0 Food Preparation 
0 Galley Cleanup 

Requirements for heat rejection, electrical, weight, and volume for each 
of the functions are tabulated in Table 4-2 and their summations listed. 
Heat rejection and electrical requirements for food storage (refrigeration) 
and food preparation are summed directly since they must be operated coin- 
ci dentally. 

The food storage requirement is divided into ambient and refrigerated 
categories. Presently, there are no requirements for Shuttle frozen food 
storage. Since ambient food storage has no impact on the ECLSS or the 
management of spacecraft consumables, it is not considered in this system. 
Refrigeration requirements were derived from the basic packaged food 
requirements (perishable) determined from Skylab experience (Reference 250) 
Using these refrigerated food requirements, the refrigerator was sized 
using the methodology described in Reference 276. 


4-3 


TABLE 4-2 


HABITABILITY 

FUNCTION 


FOOD STORAGE 
FOOD PREPARATION 
GALLEY CLEANUP 


SHUTTLE FOOD MANAGEMENT SUBSYSTEM REQUIREMENTS 


HEAT REJECTION 


COOLANT 




36.0 

122.9) 

685.9 

(2341.0) 


ELECTRIC POWER 

PEAK 

AVG 

■ DEMAND 

WATTS 

WATTS 

WATT- HR 
DAY 

36.0 

TBD 

172.0 

857.0 

TBD 

1029.0 


WEIGHT VOLUME 


KG 

(lbs) 


9.7 

(21.4) 

24.6 

(54.2) 

4.1 
( 9.1) 




0.110 

(3.9) 


SUBSYSTEM TOTAL 



893.0 



1201.0 
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4.1.1 (Continued) 

The amount of perishable food required to be refrigerated is 4.62 kg 
(10.4 lbs) with a volume .0116 (.41 ft^) and must be maintained at a 

temperature between 1.67 and 4.44°C (35 and 40°F). 

The food preparation function includes those appliances necessary for food 
rehydration and warming. There is no requirement for the cooking of food; 
and because food rehydration is a function with no conceptual options, 
this function was not investigated. Three types of food warming were 
described in Reference 276 (heating trays, convective oven, and micro- 
wave oven) with the requirements for a convective oven being designated 
as baseline. 

The food cleanup requirements for Shuttle are minimal. Reusable utensils/ 
dishes are assumed to be used with wet and dry wipes for cleaning them after 
each meal. The weight and volume of the utensils/dishes are included in 
this function since trades were made of disposable utensils/dishes against 
reusable utensils/dishes with various methods of cleanup (disposable wet/ 
dry wipes, reusable wipes, dishwashers, etc.). 

4.1.2 Shuttle Personal Hygiene Subsystem Requirements 

Personal hygiene subsystem habitability functions necessary for the Shuttle 
mission are: 

0 Waste Collection/Transfer 
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4.1.2 (Continued) 

0 Body Cleansing 
0 Personal Grooming 

Requirements for heat rejection, electrical, weight, and volume for this 
subsystem are listed in Table 4-3. Heat rejection and peak electrical 
power requirements for only the waste collection and transfer system were 
used in the total subsystem requirement as it was assumed the body cleansing 
unit would not be operated at the same time. 

Waste collecti on/transfer requirements are equivalent to those of a 
commercial airliner for fecal/urine collection and vomitus collection. A 
dryjohn-type of system is used as a baseline requirement with the weight 
and volume of the wet/dry wipes being part of the requirement. The dryjohn 
system is self-contained with a replaceable collector being changed out 
after each mission. The requirement of no overboard venting necessitates 
the use of a vacuum generation and filter system to deactivate feces in 
the collector. 

The body cleansing unit consists of a mechanical wetting and soaping unit 
with disposable wet/dry wipes. The system described in Reference 276 
requires a water supply system, collector/dryer and storage for used wipes. 
The used wipes are vacuum dried with onboard evacuation system which 
exhausts to the cabin atmosphere, and these dried wipes are returned to 
earth. Water and wipe weight and volume are included in the requirement. 
There is no current Shuttle requirement for a whole body shower. 


TABLE 4-3 

SHUTTLE PERSONAL HYGIENE SUBSYSTEM REQUIREMENTS 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HT LEAK 

PEAK 

AVG 

DEMAND 



FUNCTION 


WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT-HR 

DAY 

KG 

(lbs) 

m3 

(ft3) 

WASTE COLLECTION/ 


165.0 

(563.1) 

805.0 

165.0 

430.9 

316.0 
( 696.6) 

0.728 

(25.7) 

BODY CLEANSING 


99.9 

*(341.3) 

^500.0 

100.0 

205.7 

265.2 
( 584.6) 

0.793 

(28.0) 

PERSONAL GROOMING 






7.3 

( 16.0) 

0.0255 
( 0.9) 

* OMITTED FROM TOTAL 





- 



SUBSYSTEM TOTAL 


165.0 

(563.1) 

805.0 

165.0 

636.6 

588.4 

(1297.2) 

1.546 

(54.6) 
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4.1.2 (Continued) 

Personal grooming function consists of items necessary for shaving, dental 
hygiene, and other grooming aids. Mechanical hair or nail clippers are 
not considered because of shortness of the mission duration. 

4.1.3 Shuttle Housekeeping Subsystem Requirements 

Housekeeping subsystem habitability functions necessary for the Shuttle 
mission are: 

0 Equipment Cleaning 
0 Refuse Management 
0 Garment/Linen Maintenance 

Requirements for heat rejection, electrical, weight, and volume for this 
subsystem are listed in Table 4-4. The only electrical and thermal 
requirement for this subsystem is the electrical vacuum cleaner used in 
refuse management. 

The equipment cleaning requirements are for disposable wet/dry wipes which 
are used for washing, wiping, and sanitizing work surfaces. 

Refuse management functions include refuse collection (manual and vacuum) 
and refuse disposal or storage. Collection containers are distributed in 
the galley, living areas, and personal hygiene facility; and these con- 
tainers are periodically emptied into a central refuse storage area. A 
portable, self-contained vacuum cleaner with disposable collector bag is 
required. No trash compaction is required because of the mission duration 
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TABLE 4-4 • 


SHUTTLE HOUSEKEEPING SUBSYSTEM REQUIREMENTS 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HT LEAK 

PEAK 

AVG 

’ DEMAND 



FUNCTION . 

WATTS 

(Btu/hr) 

WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT-HR 

DAY 

KG 

(lbs) 

m3 

(ft3) 

EQUIPMENT CLEANING 






2.8 
( 6.1) 

0.006 
{ .2) 

REFUSE MANAGEMENT 


60.1 

(20.5.0) 

80.0 

60.0 

120.0 

20.6 

(45.5) 

0.408 

(14.4) 

GARMENT/LINEN 

" 





17.6 

(38.8) 

0.108 
( 3.8) 

SUBSYSTEM TOTAL 

H 

60.1 

(205.0) 

80.0 

60.0 

120.0 

41.0 

(90.4) 

0.521 

(18.4) 
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4.1.3 (Continued) 

Garment/linen maintenance requirements are met by the use of disposable 
items rather than the use of any washing and drying devices because of 
the short mission duration. Thus, this function has only a weight and 
volume consideration with no impact to the ECLSS. 

4.1.4 Shuttle Off-Duty Subsystem Requirements 

The off-duty subsystem habitability functions necessary for the Shuttle 
mission are: 

0 Entertainment 
0 Physical Conditioning 

Requirements for heat rejection, electrical, weight, and volume for this 
subsystem are listed in Table 4-5. 

Entertainment requirements are audio system, audio-visual system, books, 
and other entertainment devices such as darts, games, cards, etc. Audio 
and audio-visual systems are electrical devices which produce a thermal 
load to the ECLSS. Physical conditioning equipment includes spring- or 
bungee-type exercise devices. 

4.2 SPACE STATION CREW APPLIANCE REQUIREMENTS 

The Space Station vehicle appliance requirements listed in this section 
were determined from those described in Reference 29 unless otherwise 
noted. Most of the data documented in this reference were developed for 
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TABLE 4-5 

SHUTTLE OFF-DUTY SUBSYSTEM REQUIREMENTS 



HEAT REJECTION 

ELECTRIC POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HI LEAK 

PEAK 

AVG 

DEMAND 



FUNCTION 


WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT-HR 

DAY 

KG 

(lbs) 

m 3 

im 

ENTERTAINMENT 


165.4 

(564.4) 

270.0 

179.9 

740.0 

85.5 

(188.5) 

0.283 

(10.0) 

PHYSICAL CONDITIONING 






INCLUDED 

ABOVE 


SUBSYSTEM TOTAL 


165.4 

(564.4) 

270.0 

179.9 

740.0 

85.5 

(188.5) 

0.283 

(10.0) 
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4.2 (Continued) 

a baseline mission of 180 man-days (six men and 30 days); therefore, 
alterations were made to the data to make it representative of the 1104 
man-day mission assumed for this study. 

Resulting Space Station appliance system requirements are tabulated in 
Table 4-6. Total requirements listed at the bottom of the table repre- 
sent the summation of all the subsystem requirements developed in the 
following paragraphs. The same format used to describe the Shuttle 
requirements (Paragraph 6.1) with appliances grouped into subsystems is 
used in this section. 

4.2.1 Space Station Food Management Subsystem Requirements 

The food management subsystem habitability functions necessary for Space 
Station mission are: 

0 Food Storage 
0 Food Preparation 
0 Galley Cleanup 

A summary of the heat rejection, electrical power, weight, and volume 
requirements is tabulated in Table 4-7. The requirements are summed 
directly except for the inclusion of the food preparation electrical and 
heat rejection requirements. It was assumed that the dishwasher (galley 
cleanup) and oven (food preparation) would not be operating at the same 
time; thus, the lower (oven) requirements were omitted to determine the 
maxi mums. 
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TABLE 4-6 


SPACE STATION APPLIANCE SYSTEM REQUIREMENTS 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

I^qqbI 

PEAK 

AVG 

DEMAND 

■m 

mm 

SUBSYSTEM 


WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT-HR 

DAY 


IB 

FOOD MANAGEMENT 
(FROM TABLE 4-7) 



TBD 

958.0 

TBD 

532.2 

(1173.3) 

6.313 

(222.9) 

PERSONAL HYGIENE 
(FROM TABLE 4-8) 


299.0 

(1020.4) 

TBD 

299.0 

TBD 

287.3 
( 633.3) 

2.852 

(100.7) 

HOUSEKEEPING 
(FROM TABLE 4-9) 


14.0 

TBD 

14.0 

TBD 

267.5 
( 589.8) 

2.580 
( 91.1) 

OFF-DUTY 

(FROM TABLE 4-10) 


TBD 

TBD 

TBD 

TBD 

170.1 
{ 375.0) 

3.398 ■ 
(120.0) 

SYSTEM TOTAL 


TBD 

TBD 

TBD 

TBD 

1257.1 

(2771.4) 

15.142 

(534.7) 
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TABLE 4-7 


SPACE STATION FOOD MANAGEMENT SUBSYSTEM REQUIREMENTS 


HABITABILITY 

FUNCTION 

HEAT REJECTION 

ELECTRIC POWER 

EB 

VOLUME 

COOLANT 

HT LEAK 

PEAK 

AVG 

DEMAND 


m 


WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT-HR 

DAY 

FOOD STORAGE 


858.0 

TBD 

858.0 

TBD 

486.8 

4.860 

• 


(2928.4) 




(1073.3) 

(171.6) 

FOOD PREPARATION 


80.0 

*160.0 

*80.0 

TBD 

19.1 

0.037 



*( 273.0) 




( 42.0) 

( 1.3) 

GALLEY CLEAT'IUP 


ibo.o 

TBD 

100.0 

260.0 

26.3 

1.416 



{ 341.3) 




( 58.0) 

( 50.0) 

* OMITTED FROM 



. 





TOTAL 








SUBSYSTEM TOTAL 

958.0 

(3269.7) 

TBD 

958.0 

TBD 

itiMjm 



■— 
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4.2.1 (Continued) 

Food storage requirements are divided into ambient, refrigerated, and 
frozen categories. Ambient food storage has no impact on the ECLSS or 
the consumable management problem; therefore, ambient food storage v;as 
not included in this system. The refrigerator serves as a storage com- 
partment for use in defrosting foods, storing unprepared foods, and a 
maximum of a 6-week supply of perishable foods. The refrigerator will 
maintain stored food at temperatures ranging from 4.4 to 10®C (40 to 
50°F) with an interior volume of approximately 1.7 m^ (60 ft^). 

Also in the food storage function is a freezer requirement capable of 
storing .59 m^ (21 ft^) of food at temperature ranging from (-10 to +5°F). 
The concept described in Reference 29 is a vapor cycle- type of cooling unit. 

The food preparation function includes those necessary for food rehydration 
and warming. A combination resistance and microwave oven is provided for 
the cooking or heating of fresh and dehydrofrozen and reconstituted foods. 
The oven can accommodate a six-man meal and is capable of heating food 
items from the frozen state to 71.1®C (160°F) in 10 to 15 minutes. 

Galley cleanup appliances include a dishwasher/dryer for automatic washing 
and drying of food preparation, serving, and eating devices. The system 
provides an integral water heater capable of heating and holding water at 
a temperature of 76.7°C (170°F) to clean and sterilize utensils for one 
six-man crew. Requirements for serving and eating trays, eating utensils. 
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4.2.1 (Continued) 

and other galley food preparation items are included in the galley cleanup 
function. 

4.2.2 Space Station Personal Hygiene Subsystem Requirements 

Personal hygiene subsystem habitability functions necessary for the Space 
Station mission are: 

0 Waste Collection/Transfer 
0 Body Cleansing 
0 Personal Grooming 

Requirements for heat rejection, electrical power, weight, and volume are 
tabulated and totaled in Table 4-8. 

Waste collection/transfer requirements are equivalent to those of a 
commercial airliner for fecal and urine collection and appropriate expend- 
ables. The system is provided with a self-contained odor, liquids, and 
contaminant control. A second urinal is provided outside the waste 
management system compartment and shares "console" space with the partial 
body wash device. 

The body cleansing function includes a whole body shower and a partial 
body washing device or sink (see above), A shower consists of a cylin- 
drical. enclosure equipped with provisions for wetting, washing, rinsing 
and drying the body. This system is designed to impinge a mixture of 
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TABLE 4-8 


SPACE STATION PERSONAL HYGIENE SUBSYSTEM REQUIREMENTS 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HT LEAK 

PEAK 

AVG 

■ DEMAND 

■i 

m 

FUNCTION 



WATTS 

WATTS 

WATT-HR 

DAY 

IHh 

■Bl 

IBt 

WASTE , COLLECTION/TRANSFER 



TBD 

79.0 

TBD 


1.136 
( 40.1) 

BODY -CLEANSING 


200.0 
( 682.6) 

TBD 

200.0 

TBD 

45.4 

(100.0) 

1.700 
( 60.0) 

PERSONAL GROOMING 


20.0 
( 68.2) 

20.0 

20.0 

TBD 

11.1 
( 24.5) 

0.017 
( .6) 

SUBSYSTEM TOTAL 


299.0 

(1020.4) 

TBD 

299.0 

TBD 

287.3 

(633.3) 

2.852 

(100.7) 
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4.2.2 (Continued) 

warm air and water upon the body from a fixed or hand-held shower head. 

A blower and water collector are used to remove the local accumulation 
of water. Towels are required to complete body drying. The sink pro- 
vides hand and face wash capability with ambient and hot water mix along 
with metered dispensing of a cleaning agent. 

The personal grooming function includes a kit for each crewman containing 
such items as electric razor, comb, hair brush, nail clipper, toothbrush, 
dentifrice, deodorant, and after shave lotion. 

4.2.3 Space Station Housekeeping Subsystem Requirements 

The housekeeping subsystem habitability requirements are: 

0 Equipment Cleaning 
0 Refuse Management 
0 Garment/Linen Maintenance 

The heat rejection, electrical power, weight, and volume requirements for 
the components of this subsystem are tabulated in Table 4-9. 

The equipment cleaning function includes those items necessary for cleaning 
and disinfection of all microbiological contamination of equipment and 
surfaces exposed to the crew. 
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TABLE 4-9 


• SPACE STATION HOUSEKEEPING SUBSYSTEM REQUIREMENTS 



HEAT REJECTION 

ELECTRIC 

POWER 

lym 

VOLUME 

HABITABILITY 

COOLANT 


PEAK 

AVG 

DEMAND 



FUNCTION 

WATTS 

(Btu/hr) 

WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT- HR 
DAY 

KG 

(lbs) 

m3 

(ft3) 

EQUIPMENT CLEANING 






83.5 

(184.0) 

0.867 

(30.6) 

REFUSE MANAGEMENT 


4.0 

(J3.6) 

TBD 

4.0 

TBD 

117.1 

(258.1) 

1.147 

(40.5) 

GARMENT/LINEN MAINTENANCE 

• 

10.0 

(34.1) 

250.0 

10.0 

TBD 

’ 45.4 
(100.0) 

■ 

0.566 

(20.0). 

SUBSYSTEM TOTAL 


14.0 

(47.7) 

250.0 

14.0 

TBD 

267.5 

(589.8) 

2.580 

(91.1) 


D2-118561-1 









D2-118561-1 


4.2.3 (Continued) 

Refuse management appliances provide for collection, containment, 
decontamination, and transport of all forms of loose debris, trash, and 
particulate material generated by the crew and equipment throughout the 
station. A trash compactor is provided to reduce the volume of collected 
trash. Sufficient containers are provided to handle approximately 3.4 
(120 ft^) of uncompacted trash every 30 days. 

Garment/linen maintenance requirements are provided by a washing machine 
utilizing mechanical agitation and semi drying through centrifugal force. 
Once washed and semi dried, the clothing and linen are dried further by 
vacuum evaporation prior to storage or use. The laundry is capable of 
handling a minimum of 4.54 kg (10 lbs) of dry articles per cycle. 

4.2.4 Space Station Off-Duty Subsystem Requi reman ts 

Space Station off-duty habitability functions are: 

0 Entertainment 
0 Physical Conditioning 

Requirements for heat transfer, electrical power, weight, and volume for 
this subsystem are tabulated in Table 4-10. This subsystem includes 
television receivers and stereo equipment as well as other equipment for 
reading, games, and exercising. The requirements were not broken dov/n by 
categories in the Reference 29 study; only the composite value shown in 
Table 4-10 was listed. 
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TABLE 4- ID 

SPACE STATION OFF-DUTY SUBSYSTEM REQUIREMENTS 


HABITABILITY 

FUNCTION 

HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

COOLANT 


PEAK 

AVG 

DEMAND 

1^11 

■ 

19 

— 

mam 

WATTS 

WATTS 

WATT-HR 

DAY 

ENTERTAINMENT 








PHYSICAL CONDITIONING 








NO BREAKDOWN 










TBD 

TBD 

TBD 

TBD 

170.1 

3.398 

SUBSYSTEM TOTAL 






(375.0) 

(120.0) 
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5.0 WEIGHTED TRADE STUDY 

Optimum appliance concepts were selected from the Appliance Concept Function 
Matrices described in Paragraph 4.0 using the results of a weighted trade- 
off study. In addition to the operational parameters summarized in the 
Appliance Concept Function Matrix, the appliance concept reliability, main- 
tainability, and safety were also included as evaluation criteria for 
selecting the optimum concept. Crew preference, convenience, and usage 
time were not factored into the trade study so that the optimum choice 
could be based only on "hard" data. Crew considerations are taken into 
account during the final appliance subsystem and system optimization study. 
Paragraph 6.0. The above-mentioned selection parameters were each appor- 
tioned points to make up a weighting distribution. Once the weighting 
distribution was established, the appliance concept selection then depended 
on the rationale used to ratio each parameter to its point allotment. A 
computer program was developed utilizing the weighting distribution and 
the appliance concept selection rationale to automatically perform the 
weighted trades and determine the relative ratings of the appliance concepts. 

5.1 WEIGHTING DISTRIBUTION RATIONALE 

Selection of the optimum appliance concept utilizing a weighting technique 
requires that the trade parameter weighting distribution be consistent 
with vehicle requirements and program goals. Numerous references were con- 
sulted to develop the weighting distribution technique, and finally an 
analytical comparison was made to a previous study (Reference 237) to 
provide a proper weighting distribution. The study. Reference 237, provided 
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5.1 (Continued) 

an in-depth trade study of various clothes washer concepts. Study results 
selected, as the optimum concept, a water spray agitated clothes washer 
for a Space Station having a resupply period of 230 days. The appliance 
concept selection program was adjusted to use a 230-day resupply period. 
Selection program runs were made for disposable clothes and eight clothes 
washer concepts using four different weighting distributions. The results 
of these runs were plotted (see Figure 5-1) to determine which distribution 
would select water spray agitation as the optimum concept. An even weighting 
distribution (all parameters having the same point value) was used as the 
basis for comparison of the remaining three weighting distributions (upper 
portion of Figure 5-1). Point distributions were varied to accentuate the 
more important parameters—cost, weight, volume, and thermal requirements. 

The fourth weighting distribution gave the water spray agitation washer 
the top rating; however, the third weighting distribution was chosen for 
conducting trade studies because of the heavier emphasis on cost. Present 
space program economic considerations were judged to be more critical than 
when the Reference 237 study was conducted. 

On the basis of these data, the following weighting distribution was used 
for selecting the optimum appliance concepts. 

0 Development Cost Weighting Factor - 1_5 Pts. 

0 Cost was considered to be of prime importance. 

0 Weight Weighting Factor - 1^ Pts. 

0 The effect of weight was rated equally important as cost, 
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FOR WEIGHTING FUNCTIONS 
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COST 

10 

20 

15 

10 

RELIABILITY 

10 

5 

5 

5 

MAINTENANCE 

10 

5 

5 

5 

SAFETY 

10 

5 

5 

5 

WEIGHT 

10 

15 

■ 15 

15 

POWER 

10 

15 

15 

15. 

VOLUME 

10 

10 

10 

10 

THERMAL 


0 

15 

15- 

15 
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FIGURE 5-1 CLOTHES WASHERS TRADE STUDY 
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5.1 (Continued) 

since launch weight (and/or resupply v/eight) of the vehicles 
is considered to govern over vehicle volume. 

0 Volume Weighting Factor - Pts. 

0 The vehicles are not considered volume critical; therefore, 
volume was rated lower than weight. 

0 Power Weighting Factor - Pts. 

Thermal Weighting Factor - Pts. 

0 Power and thermal were rated the same as weight because each 
is represented in terms of equivalent vehicle weight. In 
addition, the appliance concept efficiency is indicated by 
the power and thermal values. 

0 Reliability Weighting Factor - ^ Pts. 

Maintainability Weighting Factor - ^ Pts. 

Safety Weighting Factor - ^ Pts. 

0 The reliability, maintainability, and safety calculations for 
the various appliance concepts were estimated based on appliances 
which are not thoroughly defined. The degree of technical defi- 
nition of each appliance concept affects the accuracy of the 
reliability, maintainability, and safety analysis. The method 
used to calculate reliability, maintainability, and safety is 
sufficiently detailed for concept selection, but was not 
weighted as heavily as all other weighting factors. More 
development, for instance, could readily turn a concept poor 
in reliability, maintainability, or safety into one exhibiting 
excellent characteristics in these areas. Reliability, main- 
tainability, and safety were, therefore, rated lowest in order 
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5.1 (Continued) 

not to unduly penalize a promising concept still under 
development. 

0 Recurring Cost Weighting Factor - Pts, 

0 The recurring cost was included to penalize appliance concepts 
requiring resupply for the Modular Space Station. 

5.2 APPLIANCE CONCEPT SELECTION RATIONALE 

The appliance concept selection parameters used for conducting appliance 
trade studies were development cost, reliability, safety, maintenance. 

Weight, electrical power, thermal, and volume. Recurring cost was included 
for the Space Station to weigh resupply requirements. The rationale used 
to apply each of these parameters in the trade study is described in the 
following paragraphs. 

5.2.1 Development Cost 

Development cost data for each concept could not be accurately computed since 
many concepts were not defined well enough to estimate cost accurately for 
comparison with well-defined concepts. Rockwell International (ReferencciS 258 
and 259) and Me Donnell Douglas (Reference 257) Modular Space Station studies 
were consulted for cost data; however, these references did not break down 
cost data to a level useful for estimating appliance concepts costs. The 
technique used in Reference 258 to factor subsystem costs is similar to the 
system used for this study. 
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5.2.1 (Continued) 

Since cost is related to availability and complexity, each concept was 
rated using these parameters. The availability categories are (1) available 
(ready for vehicle), (2) state of the art (prototype), (3) some development 
required (breadboard), and (4) extensive development required (conceptual). 
The availability was determined for each appliance concept and then each 
concept was rated in its category by complexity to derive the cost indicator. 
The cost indicator ranges are as follows: 

Cost 

Availability Indi cator 


(l) Available 

0-25% 

(2) State of the art 

25-50% 

(3) Some development required 

50-75% 

(4) Extensive development required 

75-100% 


For example, disposable clothes would be ranked with an availability of 1 
and because of its simplicity, would be rated with a cost indicator or 
0%. The cost indicator is rated on a scale of zero (0) to 15 points with 
zero (0) percent being assigned 15 points and the maximum value assigned 
zero (0) points. 

5.2.2 Reliability, Maintenance, and Safety 

Data used to determine each appliance concept reliability, maintenance, 
and safety ratings are summarized in Appendices B and C. A numerical tabu- 
lation of the major mechanical and electrical components making up each 
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5.2.2 (Continued) 

appliance concept was used in evaluating the ratings of these three factors. 
Figure 5-2 shows an example of the refrigerator appliance function. In 
this example, the appliance function contains three appliance concepts with 
the number and type of components making up each of the concepts summarized. 
Component type numbers (circled) correlate with the component number in 
Figure 5-3 for convenience of input into the computer trade program. Fig- 
ure 5-3 presents the failure rate and repair times assigned to each of the 
components contained in all of the Appliance Concept Component Summary 
Matrices presented in Appendices B and C, Failure rate and repair times 
were based on data from the indicated references. Repair times for compon- 
ents not having a reference number denoted were estimated from Space Station 
Prototype background. 

Appliance concept components considered to be safety critical items are 
summarized at the right-hand side of Figure 5-2. Safety critical components 
were those components which during the appliance concept evaluation were 
judged to possibly result in death or injury to the crew and/or in a mission 
abort. 

The rationale used to apply the data presented in Figures 5-2 and 5-3 to 
the trade program are contained in Paragraphs 5. 2. 2.1, 5. 2. 2. 2, and 5. 2. 2. 3. 

5.2.2. 1 Reliability 

The reliability of each appliance concept was evaluated using standard 
reliability equations. Assumptions made were (1) a constant failure rate 
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APPLIANCE FUNCTION: 1.1.2-REFRIGERATORS 
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Figure 5-2. Appliance Concept Component Summary Matrix Example 
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COMPONENT 

DESCRIPTION 

REFERENCE 

NUMBER 

FAILURE RATE 
(AxIO-6) failures/ 
MILLION HOURS 

REFERENCE 

NUMBER 

REPAIR TIMES 
(MTTR) 
HRS/REPAIR 

1 

MOTOR 

252 

3.8 

- 

0.5+.2=.7 

2 

PUMP 

100 

6.0 

254 

0.2+.25=.45 

3 

SOLENOID VALVE 

100 

0.72 

254 

0.1+.2=.3 

4 

ACCUMULATOR 

100 

0.01 

- 

0.5+.2=,7 

5 

ACCUMULATOR/ 

BLADDER 

251 

1,77 

- 

0.5+.4=.9 

6 

WATER SEPARATOR 

100 

1.20 

254 

0,2+.2=.4 

7 

TRANSMISSION 

251 

1.50 

- 

0.5+.l=.6 

8 

FLUIDIC SWITCH 

251 

1.61 

- 

1.0+. 1=1.1 

9 

FILTER 

251 

0.16 

- 

0.1+.2=.3 

10 

ELECTRIC SWITCH 

252 

5.74 

- 

0.2+.l=.3 

11 

PRESSURE 

REGULATOR 

100 

2.94 

254 

0.1+.1=.2 

12 

VALVE (GN^) 

100 

0.72 

254 

0.1+.2=.3 

13 

CONTROLLER 

251 

2.5 

254 

0.1+.3=.4 

14 

HIGH FREQUENCY 
CONTROLLER 

- 

UNK 

- 

UNK 

15 

ELECTROACOUSTIC 

TRANSDUCER 

252 

86.2 

254 

0.1+.2=.3 

16 

HEAT EXCHANGER 

251 

0.23 

254 

0.2+.5=.7 

17 

HEATER-DC 

251 

1.0 

- 

0.2+.l=.3 

18 

BLOWER- AIR 

251 

10.89 

254 

0.2+.l=.3 

19 

CONTROLLER/ 

TIMER 

251 

2.5 

254 

0.1+.3=.4 

20 

THERMAL STORAGE 
UNIT (WAX) 

251 

0.23 

- 

0.2+.5=.7 

21 

DESICCANT 

CANISTER 

251 

0.21 

- 

0.2+.5=.7 

22 

CHECK VALVE 

251 

0.312 

- 

0.1+.2=.3 

23 

MANUAL VALVE 

251 

0.776 

- 

0.1+.2=.3 

24 

TEMPERATURE 
CONTROL VALVE 

251 

7.183 

- 

0.1+.2=.3 

25 

RELIEF VALVE 

251 

0.312 


0.1+.2=.3 

26 

RF GENERATOR 
(MAGNETON TUBE) 


UNK 


UNK 

27 

ACTUATOR 

252 

.024 


0.2+.5=.7 

9? 28 

PRESSURE SWITCH 

251 

3.57 

- 

0.1+.2=.3 


Figure 5-3. Component Failure Rate and Repair Times 
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5.2.2. 1 (Continued) 

and (2) no spare provisioning to improve the concepts reliability rating. 
The method used to calculate reliability is summarized below. 

a. Determine number of each component, n, from Figure 5-2. 

b. Determine x (failures per hour) from Figure 5-3 for each component. 

c. Determine operating time, T, from Appliance Concept Function Matrix. 

d. Calculate for each component the product of n^x^.T. 

e. Sum the individual component nxT for each concept. 

N 

i=l 

where N is the number of unique components in a concept. 

f. Calculate the reliability of each concept 

N 

-E 

R = e 

g. Determine the unreliability for weighting purposes 


The unreliability, is rated on a scale of zero (0) to 5 points with 

zero (0) unreliability being assigned 5 points and the maximum value assigned 
zero (0) points. 
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5. 2. 2. 2 Maintenance 

Maintainability of each appliance concept was evaluated using standard 
maintainability equations. Repair rates were estimated using Reference 
as a guide for removal and replacement times. The repair times have not 
been evaluated in a zero-g environment; however, they do represent replace 
ment times for actual Space Station Prototype hardware. The method used 
to calculate maintainability is summarized below: 

a. Determine the hours of repair (hrs/repai r) , Mqj or MTTR, from 
Figure 5-3 for each component. 

b. Multiply the failure rate, x, by the number of each component, n, 
from Figure 5-2. 


n X 


c. Multiply the n x by the '^CT- 

n X Hj,y 


d. Sum items b and c for all components included in a concept 




N 

i=l ’ ’ 



n, X, M 
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5. 2, 2. 2 (Continued) 

e. Calculate the concept mean time to repair, MTTR, total: 


N 

^ *^i ^i ^CT. 

MTTR = - 

E n,., 

i=l ^ ^ 


, HRS 


f. Calculate the concept availability, A: 

A MTBF 

^ " MTBF + MTTR 

where mean time between failures, MTBF: 

MTBF = , HRS 

S n. X. 

i=l ^ ^ 

g. Calculate the unavailability, A^, for weighting purposes. 

m 

A„ = 1 - A 

The unavailability, A^, is rated on a scale of zero (0) to 5 points with 
zero (0) unavailability being assigned 5 points and the maximum value 
assigned zero (0) points. 
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6. 2. 2. 3 Safety 

The appliance concepts were individually evaluated to determine the number 
of safety critical components contained within each design. A total count 
of the safety critical components were then summarized for each concept 
(see example in Figure 5-2). Safety is rated on a scale of zero (0) to 
5 points with zero (0) safety criteria items being assigned 5 points and 
the maximum value assigned zero (0) points. 

5.2.3 Weight 

The weight for each appliance concept was derived from the literature and 
is tabulated in the Modular Space Station and Shuttle Orbiter Appliance 
Concept Function Matrix. The weight data, used directly from appliance 
functions matrix, were rated on a scale of zero (0) to 15 points with 
zero (0) kg (lbs) being assigned 15 points and the maximum value assigned 
zero (0) points. 

5.2.4 Power and Thermal 

Power and thermal parameters for each appliance concept were derived from 
the literature and are tabulated in the Modular Space Station and Shuttle 
Orbiter Appliance Concept Function Matrix. The parameters are converted 
by the trade program to equivalent vehicle weight and are rated on a scale 
of zero (0) to 15 points with zero (0) kg (lbs) being assigned 15 points 
and the maximum value assigned zero (0) points. 
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5.2.4. 1 Power 

Power parameters were converted to equivalent vehicle weight by assessing 
a penalty based on the type of power generation device required (AC or DC). 
Penalty factors were taken from Reference 273. The resulting Modular 
Space Station penalties based on a solar cell/battery DC power system using 
inverters to satisfy AC power requirements are: .322 kgm/watt (.71 Ibs/watt) 
(AC) and .268 kgm/watt (.591 Ibs/watt) (DC) . Shuttle power equivalent 
vehicle weight factors derived from the current Shuttle power system using 
fuel cell generated DC power and inverters for AC power are: .24 kgm/watt 

(.53 Ibs/watt) (DC) and .195 kgm/watt (.43 Ibs/watt) (AC) . 

5. 2. 4. 2 Thermal 

The thermal equivalent vehicle weight penalty was determined based on the 
type of heat rejection employed by the appliance concept. Space Station 
thermal factors used to convert to equivalent vehicle weight were: .084 kgm/ 

watt (.0540 lbs/Btu/hr)(direct to coolant); and .190 kgm/watt (.1280 lbs/ 
Btu/hr) (cabin heat leak). The factors were taken from Reference 173. The 
Shuttle Orbiter factors were: .039 kgm/watt (.025 Ibs/Btu/hr) (di rect to 

coolant); and .085 kgm/watt (.0550 Ibs/Btu/hr) (cabin heat leak). The direct 
to coolant thermal equivalent vehicle weight factor ,039 kgm/watt (.025 lbs/ 
Btu/hr) was provided by the Shuttle heat rejection radiation system developer. 
Cabin heat leak equivalent vehicle weight factor assigned was the value used 
by Rockwell International Corporation during their Shuttle Orbiter study 
phase, .085 kgm/watt (.0550 Ibs/Btu/hr). It should be noted that the study 
assumed that both latent and sensible heat rejected directly to the cabin 
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5. 2. 4. 2 (Continued) 

were lumped as cabin heat leak. The heat rejected directly at an appliance/ 
ECLSS coolant interface was considered as heat rejected to coolant. 

5.2.5 Volume 

The volume for each appliance concept is derived from the literature and 
has been tabulated in the Modular Space Station/Space Shuttle Orbiter 
Appli ance Concept Function Matrix. The volume is rated on a scale of 
zero (0) to 10 points with zero (0) cubic meters (cubic feet) being assigned 
10 points and the maximum value assigned zero (0) points. 

5.2.6 Recurring Cost 

Recurring cost is equated to the expendable weight requirements tabulated 
in the Appliance Concept Function Matrix for each appliance concept. The 
weight is rated on a scale of zero (0) to 15 points with zero (0) kg (lbs) 
being assigned 15 points and the maximum value assigned zero (0) points. 


5.3 APPLIANCE CONCEPT TRADE PROGRAM DESCRIPTION 

Using the above appliance weighting concept selection and rationale, a 
computer trade program was developed to handle the large number of appliance 
concepts and selection parameters. A program listing of the trade program 
and a brief description will be included in the final report. Data con- 
tained in the Appliance Concept Function Matrix were used as input to the 
program. The trade program, based on the input data, converts the thermal 


5-15 


D2-118561-1 


5.3 (Continued) 

and electrical power requirements to equivalent vehicle weights and computes 
the appliance ratings based on their standing within the minimum to maximum 
selection parameter values. 

The program prints out a selection matrix having the minimum and maximum 
value, the maximum rating value, and the final weighted value for each 
selection factor (parameter), see Figure 5-4. The rating is then ratioed 
up to 100 points for convenience of comparison. A sensitivity analysis is 
computed for each appliance function which varies each selection factor 
plus and minus 50 percent while holding the remaining selection factors 
constant. Final ratings based on 100 points can be compared to the normal 
trade results. The purpose of the sensitivity analysis is to show which 
selection factors are most critical to the selection of an appliance concept 
and how competitive the remaining appliance concepts are to the selected 
concept. The tabulated selection matrix and the sensitivity analysis for 
each appliance function are contained in Appendices B and c. 

The trade program has the capability to vary mission durations, resupply 
periods, and weighting factor sensitivity. The present program uses a 
20.5-day mission for Shuttle Orbiter and 184-day and 5-year missions with 
a resupply period of 180 days for Space Station. The 5-year mission case 
was investigated to evaluate the feasibility of more complex appliances 
for extended mission durations. A resupply time of 180 days was chosen 
based on near-term state-of-the-art technology. Longer resupply periods 
will be adopted as the Modular Space Station matures. 
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TABULATED SELECTION MATRIX (TRADE RESULTS) 


number of days « 20,5 ( ,06 YEARS) 

USES MOO subroutine 0 . 

thermal penalty - direct to coolant (LB/BTUH) .0260 

.thermal penalty .cabin HEaT leak (LB/a-T-UHJ ^ossa 

POWER penalty (LBS/WATT) TYPE 1 *.53^0 

POWER^PENALTY (LBS/WATT) type 2 '.R3nO 


selection ■Matrix • • • • • reerigerated Fooo storage (shuttle) 

; — U2/1S/7RJ : 



. . min _ 

_ max . 




r D N c E P T 


factor 

VALUE 

value 

PTS 

1 

2 

3 

• 

WEIGHT 

3,1000 

160. CO 

15 

13*16 

~14,7l 

.00 


•POWER 

26*500 

5406 .0 

■ 15 .. 

1 « .93 

. |4,ee 

• no 


VOLUME 

1 . HHOO 

42.000 

10 

9*66 

■ ’.i9 

• 00 


.thermal .V- 

8.4650 

.230,95 

-15. 

.19.45 

__14,h5 

.nn 


REL 1 AB-Y 

,98379 

•99304 

5 

2«B5 

.20 

• 00 


M«I NTENC._ 

,99998 _ 

.•99999 

S 

-. 2.65 

.76 

. nn 


safety 

.00000 

1 .0000 

5 

5,09 

.00 

5,00 


-DEV COST — 

-•00000 - • 

-70^000 

- 15 

15*00 

77*70 

9,44 

A f>n 


total pt 

•00000 

65*000 

85 

6 3 * B 3 

5*00 


rxtInS 

•COCQO 

100*00 

100 

Tt~»4l 

75,10 

5«B8 



SENSITIVITY ANALYSIS RESULTS 


Bating for each concept after increasing 
SI.Ngle_seLection Parameter, weighting factor b y »sO % 
(BASED On IOO B HAX POINTS) 


C_0 AL I ^ 


1 

2 

3 

NORMAL 

’1.41 

^5,10 

5,68 

WEIGHT 

POWER 

’l .76 
.90,63 

72, ®7 
72.76 

6.45 

6,95 

VOLUME 

thermal 

91,09 

90,93 

74.04 

73.04 

6.25 

6.95 

RELI AB-Y 

haintenc 

92.45 

’2,57 

77.25 

76,91 

6*06. 
6 • 06 

safety 
OEV COST 

91,15 
. ’0.58 

77,37 
76, IR 

3*03 

6*45 


rating for 

SINGLEL..SELECTION 

Each concept after increasing 
P iRAHFTER weighting FACTOR BY 50 % 



(BASED 

ON 100 % MAX POINTS) 

* * 

r Q M C E P_T 

• 

1 

2 

3 . 

" NORMAL 

’1.41 

75,10 

5.68 

weight 

POWER 

’ 1 . 1 L 

92*07 

76, ’6 
77.05 

5*41 
5.9 1 

volume 

THERMAL 

91*70 
91 ,B1 

76.03 

76,82 

5.56 

5.91 

'rELI AB-Y 
HA 1 NT ENC 

90*43 

90.31 

73.06 

73,33 

5.71 . ’ 

5.7 1 

SAFETY 

91*66 

72,95 

6.57 


-0£ V_CflSI .9 2 t-l, L — *22 5 . R.L 


Figure 5-4. Example of Tabulated Trade 

Results and Sensitivity Analysis 
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5,3 (Continued) 

Results of the weighted trade program study are summarized in Figures 5-5 
through 5-53. The concept having the highest rating (0-100 percent) is the 
optimum appliance concept selected by the trade program for the given 
appliance function. The off-duty activity habitability system was not 
considered by the trade program because of the limited number and simplicity 
of the appliance concepts. Also, food hydration and ergometer appliance 
functions were not traded since their concept choices were straightforward. 
Refuse transfer was not traded, since the study assumed only manual refuse 
transfer. 

The optimized spacecraft appliance systems derived in Paragraph 6.0 are 
composed of those appliances which rate highest in the trade program or 
those appliances which provide the greatest crew convenience and minimum 
impact on the ECLSS. 
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APPl.> AtJCE 

CONCEPT 

NO« 


CONCEPT NAHE 


I. RIGID 

2 - FLEXIBLE 



CONCEPT NUMBER 

Figure 5-5. Ambient Food Storage (Shuttle) Concept Trade 
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applUnce 

_COHCEPT „ . , . ... 

NO, CONCEPT NAME 

J - SPACE RADIATOR 

2 - thermoelectric 

3 - air CYCLE-TURB INE/COMPRfSSoR 



CONCEPT NUMBER 

Figure 5-7. Frozen Food Storage (Shuttle) Concept Trade 
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J 


I 


L 


APPL* AnCE 

CONCEPT - . 

NO. CONCEPT NAME 

1 - HEATIN& TRaYS <SKYLAB) 

2 - OVEN-HOT Air convection (Electrical heat) 

3 - OVEN-HICROwaVE (PLAIN) 



« I 4 h • 1C H 

Mbl •** 


CONCEPT NUMBER 

Figure 5-8. Food Warming (Shuttle) Concept Trade 
5-22 



n?-U8561-l 


CONCEPT NAME 


HOT Water spraT-centrifuge drying • . 

hot water spray-air Spray dry 

hot water spray. forced hot air electric heat dry . 

HOT Water spray-des i ccanT electrically desorbed 

hot Water spray-forced hot air dry. thermal storage 

ultrasonic wash-centr I fhge drying 

ultrasonic WASH-FORCRD hOT air drying . 

ultrasonic wash-forced COLo dry AIR-DESICCanT .electrically DEsoRBED 

ultrasonic wash-forced hot air DRY-tHERHAL storage 

manual WASh-HANUaL wipe dry 


mwM 



CONCEPT NUMBER 


Figure 5-9. Dishwasher/Dryer Combination (Shuttle) Concept Trade 
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appliance . 

CONCEPT 

NO, C 0 N C E P T N A H E . .. . . . ... 

, , j - HOT Water sprat-centrifuge drying . - 

2 • HOT water SPRAY-EORCEO mOT AIR ELECTRIC HEAT DRYING 

3 . hot Water spray. forced a1R/DIsiccant/electrically heaTeo 

S - MANUAL WaSh-HaNUAU WIPE 

5 - _ disposable CUpS-REUSAPur MpTAtLlE UTENSjLS aNq DISHES 

"a-" disposable COPS and NONmeTaLLIC DISHES-REOsaCLE metallic UteNriLS 
7 » disposable cEIPS aNO NOnneTaLLIC UTeNS 1 LS-ReOS able metallic dishes . 

. 8 - disposable cups A’No NOnmeTaLLiC UTenSiLS and piSHES 

9 - REUSABLE CUPS AND METALLIC UTENSIL'S AND DISHES 

10 - reusable CUPS and metallic UTeNSIUS-D ISPOSaoLE HONMeTaLLIC dishes 

1 l„_ ^ _ reusable Cups A^D metallic DlsHeS--01sP0SABLE nONHetaLLIC_.UTENsILS_ 

12 '"- ^ reusable CUPS-DISPOSABLf NdNMeTaLLIC UTeNSiLS aNO DISHES 



Figure 5-10, Dishwasher/Dryer with Dishes (Shuttle) Concept Trade 
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appliance . - 

concept 

NO, C 0 N c E P T . . N A M -E 

1 - DRY JOHN 

2 - dry john-anal Wash 

3 • germicide 

M - integrated Vacuum decomposition 

J FLUSH FLOW OXyGEN INCINERATION 

6 - PYROLYSIS/BATCH INCINERATION 

7 - WET oxidization 

B » semiautomatic bag system (skylabi 

. 9 - . DRY bags (APOLLO ) 



CONCEPT NUMBER 


Figure 5-11. Fecal Collection/Transfer (Shuttle) Concept Trade ' 
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applUnce 

.CONCEPT 

NO, CONCEPT NAME 


1 

2 
3 

H 

S 


STAHDUP UftlNAL 

commode urinal . 

intima,te Male adapter jskylab) • 
aperture urinal 

LlQUlD/GAS FLOW CUFF TYpE (APOLLO> 



CONCEPT NUMBER 

Figure 5-12. Urine Collection/Transfer (Shuttle) Concept Trade 
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APPLI ANCE ... .. V. .. ... . .. 

CONCEPT 

NO» CONCEPT NAHE _ . 

1 - intimate Personal adaptor .disposable <maTes with commode) 

2 •’ intjmate personal adaptor .disposable (Mates with commode) 

3 ‘ . portable disposable collector, (TYPE USE COHMERC 1 ALLY ) , 

R « REUSABLE PORTABLE COLLECTOR 




CONCEPT NUMBER 

Figure 5-13. Vomitus Collection/Transfer (Shuttle) Concept Trade 
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. APPL> ANCE — . 

CONCEPT 

_ NO. CONCEPT NAME. 


j - vacuum PJCKUP.. 

2 - air drag 

mechanical 

•I - collapsible 



Figure 5-14. Whole Body Shower (Shuttle) Concept Trade 
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j 


appliance 

CONCEPT 

NO, .• concept - N A M-E- 



disposablC wet wipes 

reusable Wet wipes 

disposable WIPE’S (PREPACK Aged I , 

AUTOMATIC sponge 

reusable WASHCLOTHES 

disposable WASHCLOTHES (SKyLAB) 


c 

t 

» 

c 

I 

p 

f 

■ 

A 

T 

i 

■ 

t 

■ 

A 

i 

• 

t 

t 

• 

I 



CONCEPT NUMBER 


Figure 5-15. Partial Body Washing (Shuttle) Concept Trade 
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i 


i 


appliance 

.. C0NCEP7 . 

NO, CONCEPT name 


J - REUSABLE dry WIPES 

2 - . disposable dry wipes . 

3 - electric dryer 



Figure 5-16. Partial Body Drying (Shuttle) Concept Trade 
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APPLIANCE 
..CONCEPT , 
NOt 


concept 


name 


WET Shave with safety RaZOr and creaH 
dry shave-electric RAZOr/VaCUUM collection 

• DRY ShAVE-WJNDUP RAZOR 

.... DRY. shave-vacuum DRIVEN RAZOR 

WET shave-safety RAZOR/vaCuUM 


j 



1 


CONCEPT NUMBER • 

Figure 5-17. Shaving (Shuttle) Concept Trade 
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APPU* ANCE 

CONCEPT - - 

NO. concept name 

1 « toothpaste V/ITH OENTIFRiCE 

2 . <* WATER PIX 

i - eeectric Toothbrush 



Figure 5-19. Dental (Shuttle) Concept Trade 
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appliance 

CONCEPT 

NOt CONCEPT NAME 


1 

2 
3 

5 

6 
7 
6 
9 

10 


0l5P0SA‘aE WF.T/ORT WIPE*; 
reusable wet WlpES-n ispoSAPLE Dry WjPES 
disposable wet/dry wipes (PREPACKAGED) 
automatic sponge mop 

REUSABLE Cleaning cloths disposable dry wipes 
disposable cleaning cloths (SKLABI DISPOSABLE ORT WIPES 

disposable wet wipes reusable, dry Wipes , 

•REUSAbBLE wet/dry wipes 

- reusable Cleaning cloths/ory wipes 

- disposable cleaning cloths reusable dry WioES 



CONCEPT NUMBER 

Figure 5-20. Surface Wiping (Shuttle) Concept Trade 
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fcpPU’ANCE 

. CONCEPT . ... . . . ..— 

NO. concept name 


\ - disposable trash bag 

2 . reusable Waste recepticles 

3 - disposable waste RECEPTiCLeS 



Figure 5-21. Manual Refuse Collection (Shuttle) 
Concept Trade 
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appliance 

CONCEPT .. - - - 

NO# concept name 

I - ' VACUUM ClEaNER (SKYLAB) 

.2 vacuum Cleaner (Cohmericalj 

3 - vacuum clEaner-vented to Space 



CONCEPT NUMBER 


Figure 5-,22. Vncijum Refuse Collection (Shuttle) 
Concept Trade 
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... appliance 

CONCEPT 

NO, 
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CONCEPT. -NAME 


1 

2 

3 

..S. 

6 

7 

e 

9 

10 

n 

12 


- compactor-air pressure . 

COMPACTOR-V ACUUM 

compactor-motor . 

compactor-manual 

COHPACTOR-A IR PRESSURE ',v>5hREdOER 

coup act OR- VACUUM V.'/ shredder 
COMPACTOR-MoTOR W/SHREOnER 
'COMPACTOR-MANUAL W/SHREDOEr 
integrated vacuum DECOHpOSt ION/SHREoDER 
flush flow oxygen INCINERATION/SHREODeR 

pyrolysis /batch INCINERaTIoN/SHREOOeR 

WET OXIDIZATION/ SHREDDeR 





CONCEPT NUMBER 


Figure 5-23. Refuse Processing (Shuttle) Concept Trade 
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APPLIANCE 




CONCEPT 




NO. 


fONrrPT na 

M P _ . . 


... I 

» 

mechanical oscillation 


2 

m 

fluidic agitation 



. 3 

m 

PISTON agitation 



H 

m 

cyclic Valve and pump 

AgITaT ion 


■ 5 

m 

_DIAPHRAM ACTUaTED-ONE 

directional 

squeeze 

6 

m 

DlAPHRAM AcTUaTED-TWO 

directional 

squeeze 

. 7 

m 

water spray agitated 

, 

... 

8 

*• 

ultrasonic 



9 - 


manual WaSHSOaRD 

- - . . . 

- — 

10 

m 

plain recirculation 
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Figure 5-25. Sarment/Linen Washing (Shuttle) Concept Trade 
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..-..APPLIANCE 

CONCEPT 

NOi ..... CONCEPT. NAME 



forced hot aIR-EUECTRIc 

FORCED HOT AIR-HEAT FROM THERMAL STORAGE ONlT 

forced cold dry air-dis'iccant (Vacuum regenerablei 
forced cold dry AlR-01StCCANT(ELECTR Ic HEAT REGENERabLE) 

VACUUM dry _ . . 

thermal vacuum DRY-ELECTRlC HEAT 

thermal vacuum ORY-THERMAL SToRAGE/RADI ant heat . - - 
CLOTHES LINE-FORCED CONvECtIOn 

CLOTHES LINE-FORCEO CONVECT 1 ON+ELEcTR 1 C HEaT 



CONCEPT NUMBER 


Figure 6-26. Garment/Linen Drying (Shuttle) Concept Trade 
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appliance 

CONCEPT 

C 0 N C E- P T , N A M E .. 

fluidic AGITATION/FORcEn HoT aIR-LLeCTRIC HEATER 
FLUlOlC AG I TAT I ON/FORCEn HqT AIR-THERHAL STORAGE HEATER 
FLUIDIC AGITATION/FORCEd AIR D R Y I N G-CL 0 T HE S LINE 
FLUIDIC AGITATION/FORCEd AlR oR Y I Ng-CLOT HE S LINE 

..WATER spray AGITATiON/FdRCeD HOT AiR-elECTric hEATER 

water spray AG I TaT 1 ON/FoRCeO hot AIR-THERMaL storage heater 

•water spray AGITaTION/FoRCrO aIR ORYING-CLotHeS line 

water spray AGITATiON/ElECtRICALLT HEaTED-ClOTHES line 
disposable clothes . 




CONCEPT NUMBER 

Figure 5-27. Garment/Linen Washer/Dryer-Disposable Clothes (Shuttle) 
Concept Trade 
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APPL> AnCE 

. .. CONCEPT _ . , . 

NO. CONCEPT name 


1 - moist heat 

2 DRY heat 

3 « ethylene Oxide 
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Figure 5-28. Autoclaves (Shuttle) Concept Trade 
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APPL ! ANCE 
concept 

NOt concept name 

1 - RIGID 

2 - PLEXIBLE 
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Figure 5-29. Ambient Food Storage (Space Station) Concept Trade 
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1 - HEATING TRAYS (SKYLAB) 

2 - OVEN-HOT AIR convection <ELeCTRICAL HEATI 

3 -• OVEN-M I CROWa VE <PLAIN) — „ . , . 
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*PP| t ance 

concept • 

No. C 0 N C E p T N A M E 

j - iwr Water spray-centR i ruCtE oRYing 

2 - HOT WATER SRRAY-MR SpRaY OrY 

3 - MOT water SPRaY-EORCEd hot .hIREEECTI IcHEAT ORY 

*» - hot water spRay-oesiccant Electrically desoroed 

5 - .hot Water spRay-forcEo mot aIR ory-thermal storage 

6 - ultrasonic WASH-CEHTR 1 FUGE drying 

7 - ultrasonic WASH-FoRCR|) hot aIR drying 

e - ultrasonic wash-forceo colo dry a ir-desiccant, electrically desorbed 

9 - ultrasonic WASH-FORCEL hot aIR DRT-TH£RMaL storage 

io - manual wash-manual wipe ory 
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Figure 5-33. Dishwasher/Dryer Combination (Space Station) 
Concept Trade 
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*PP|. ! ANCE 
CONCEPT 
NO • 


concept 


name 


HOT water SPRAY-CENTR If iJGe nRYlNG 

HOT water SPRaY-FOHCEd hot aIR electric heat drying 
hot water SPRaY-EORCEO a Ir/dISICCANT/ELECTR1CaLLY heated 
MANUAL wash-manual WlPE 

•OISPOSAnLE C'JPS-REUSArLE metallic utensils aNd DISHES 
OISPOSaIJLE cups .and NONMCtalLIC D I SHES-REUSaBLE metallic utensils 
disposable cUpS and NonhETalLIc U.TenS I LS-RfuSabLE metallic dishes 
disposable cups and NONHFtalLIc utensils and dishes 
reusable, cups and metallic -utensils and dishes 

reusable cups and metallic UTEHSILS+DISPOSabLE NONMETalLIC dishes 
reusable cups and metallic oI SHES--01 SPOSabLE NONMETaLlIC utensils 
reusable CUPS-D I SPOSABLE NOnMETaLLIC utensils and dishes 
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Figure 5-34. Dishwasher/Dryer with Dishes (Space Station) 
Concept Trade 
5-48 
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Fecal Collection/Transfer (Space Station) 
Concept Trade 

' 5~49 ■ 






CONCEPT NUMBER 

Figure 5-36. Urine Collection/Transfer (Space Station) 
Concept Trade 
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fcPf’i 1 anCe 
CONCE.pT 

NO, concept name 

1 - intimate personal adaptor, Disposable (Hates with commooE) 

2 - 'intimate personal ad AP tor ,D I SPOSABLE (mates WJTH COHMOdEI 

3 - portable disposable collector (TYPE USE COMHERC I AtUY I 

H - reusable portable COtLECToR 
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Figure 5-37. Vomitus Collection/Transfer (Space Station) 
Concept Trade 
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CONCEPT 


NO , 

C 0 N C E p 

J - 

VACUUM PICKUP 

2 - 

AIR DRAG 

3 - 

mechanical 


COLLAPSIBLE 
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Figure 5-38. Whole Body Shower (Space Station) Concept Trade ' 

5-52 , 
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aPPl I ance 
concept 

NO, concept name 

1 - DISPOSAflLC ftET V.'IPES 

2 - REUSAeLE "ET WIPES 

3 - DlSPOSAnLE WIPES (PREPACKAGED) 

H ■- automatic sponge 

5 - REUSABLE (VASHcLOTHES 

6 - DISPOSABLE WASHCLOTHEs (SkYlAB) 
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Figure 5-39. Partial Body Washing (Space Station) Concept Trade 
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appliance 

CONCEPT 

NO. concept name 


1 - reusable dry WlpES 

2 - disposable dry wipes 

3 - electric dryer 
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concept name 

\‘ET SHAVE with safety RaZoR AND CREaH 
DRY SHAVE-ELCCTR JC RAiOR/VAcUUM COLLECTION 

ORY shave-windur Razor 

CRY SHAVE-VACUUM DRIVEN RaZoR 
WET SHAVE-SaPETy RAZOr/VAcUu« 


■ 






aPP|. I AfJCE 
concept 

NO. 

1 - 

2 - 
J - 
*f - 

5 - 
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appliance; 

comce;pt 

NO, concept name 

1 - l*OV,r.R CLIPPER/ VACUUM COLLECTION 

2 - RAZOR COMB/VACUUM COLLECTION 
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APPL I ance 
concept 

NO. concept name 


1 - MANUAL nail CLIPPER 

2 - metal nail rJLE-VACUUM collection 



Figure 5-43, Nail Care (Space Station) Concept Trade 
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Figure 5-44. Dental (Space Station) Concept Trade 
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APPt'l ANCE 

concept ■ ' ' - - - 

NO, CONCEPT NAME 

1 - OlSpOS/.nLE V.ET/DRY AlpES 

2 - reusable -YET V.'lrES-DlSPOSAPtE DRT AlPES 

3 - DISPOSARLE V.'ET/DRY wIrES (PREPACKAGED) 

<< - automatic SPOtviGE MOP 

B - . reusable cleaning cloths disposable Dry Y.'IPES 

6 - DISPOSARLE CLEA.NING CLOTHS (SKLAB) DISPOSABLE ORY WiPEs 

7 - OtSPOSARLE WET AIPES REUSABLE dR.Y WIPES 

8 - REU5ADPLE V.'ET/ORY WIPES 

9 - REUSABLE CLEANING CIOTHS/dRy WIPES 

To - disposable cleaning Cloths reusable dry wjoes 

11 - SPOMGES/ENCLOSEd IVETTinG unit 

12 - SPONGES/SK YLAB TYPE V.'etUNG UNIT 




Figure 5-45. Surface Wiping (Space Station) Concept Trade 
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appliance 

concept 

NO. 


CONCEPT NAME 


disposable TPa5H bag 
REUSABLE A’ASTE RECEPT]CLE5 
disposable /.ASTE RECEpTIClEs 



Figure 5-46. Manual Refuse Collection (Space Station) 
Concept Trade 
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*PPl I AUCC 
concept 

NO. 


concept 


name 


J . VACUUM cleaner 

2 - VACUUM cleaner ( vtOnMEK 1 C Au ) 

3 - Vacuum cleaneb-vented to sPace 
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■Figure 5-47. Vacu'ini Refuse Collection (Space Station) 
Concept Trade 
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APP| 1 ANGE 
concept 

NOt CONCEPT name 

1 - coMpACTOR-AiR Pressure. 

2 - COPP AC TOR-V ACUUM 

3 - cOPPACTOR-HOTOR 

H - COMPACT OR-PaWUAL 

5 - compactor- A I « pressure .V/SHrEDOER 

6 - CO.MPAC TOR-VaCUUH W/SHrCOOER 

7 - COMP acTOR-HoToR '.V/SHRfddER 

•8 - COHPaCTOR-HaRUAu kV/SHpfcOER 

_9 . - integrated vacuum DECOl'POsT jOn/SHREODER 

10 - PLUSH PLOW oxygen 1 NC I IIERaT I ON/SHREDOER 

11 - PYROLYSJS/OaTCH INC INpRaTiOk/SHREDDER 

12 - WET oxidization/ SHREooeR 
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Figure 5-48. Refuse Processing (Space Station) Concept Trade 


5-62 






• 

D2-118561-1 



*Pp, IA nCE 




concept 
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concept na 

M E 

- 
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NEChANICAL oscillation 



2 

- 

rUMDlC AtilTATION 



3 

- 

nSTON agitation 



M 

- 

CYCLIC VAlVE AND PUMP 

agitation 
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OIAPHRaM ACTUaTED-ONE 

directional 

SOUEE2E 


- ~ 

DIApHRAH 'aCTUaTED-TWO 

directional 

SQUEEZE 

7 

- 

Water spray agitated 
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- 

ultrasonic 
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• 

MANUAL A ASHROaRD 
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lO 

- 

plain recirculation 
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Figure 5-50. Garment/Linen Washing (Space Station) Concept Trade 
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concept 


N A M E 


FOKcED HOT aIR-ELECTRiC 

Forced hot aIR-heat from therhal storage unjt 
forced cold dry air-disjccamt (Vacuum regenepable i 
forced COLo dry aIR-0I51CcANT(EL:EcTRIc HEaT REGENERaBLe* 

VACUUM DRY. 

THERMAL VACUUM OR Y -EL EC T R J C HEAT 
thermal VACUUM dRY-THePMAl S T 0 R A G E / R AD I A NT hEAT 
CLOTHES line-forced COMVF.cTtON 
CLOTHES line-forced C ON V Ec T j ON *FLE C TR 1 C HEaT 
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Figure 5-51. Garment/Linen Drying (Space Station) Concept Trade 
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APP| I amce 
concept 

NO, concept name 



- rtlMOIC AtITATION/FoRcF.O HOt AIR-ELFCTRIC HEATER 

- FLLtiDIC AGITATION/FoRCED HOT AIK-THERMAL '^TORaGE HEATer 

- FUUtOIC AG ! TaT I ON/FORcED aIR 0 R Y 1 N G- C L 0 T HF S tlNE 

- FLUIDtC AG I:T AT I OM/FoRCEO aIR D R Y I NG - C L 0 T HE S LINE 

- water spray AG 1 tat 1 ON/FORcEd HOT AIR-ELECTRIC HEATER 

- water spray AGI tat I ON/FORcEd hot aIR-THERMaI. storage heater 

- .VATeR spray AGITaTION/foRcRd air drying-clothes line 

- Water spray agItaTion/elEctricaluy heateo-clOthes line 

- disposable clothes _ 
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Figure 5-52. Garment/Linen Washer/Dryer-Disposable Clothes (Space Station) 
Concept Trade 
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APTl I ANCE - 

CONCEPT 

NOt — concept N a M E • 


1 - HOIST HEAT 

2 - URY HEAT 

3 - . ethylene Oxide 
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Figure 5-53. Autoclaves (Space Station) Concept Trade 
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► 6.0 CREW APPLIANCE SYSTEM OPTIMIZATION 

Results of the trade study discussed in the previous section provided 
an initial list of appliance concepts which individually best satisfy the 
electrical, weight, and volume requirements for the Shuttle and Space 
Station missions (described in Paragraph 3.1), with a minimum thermal penalty 
to the spacecrafts ECLSS. In this section, the optimized appliance systems 
are developed which will as an aggregate of these concepts, or alternates, 
provide appliance systems which will best satisfy each vehicle's require- 
ments. 

Optimization of the Shuttle and Space Station appliance systems was initiated 
by first assembling the habitability subsystem with appliance concepts 
chosen in the trade studies. Heat rejection, electrical power, weight, 
and volume characteristics of the optimum subsystem were compared to the 
vehicle subsystem requirements; and when deficiencies existed, concepts 
were exchanged to reduce them. In some instances, crew convenience was an 
overriding factor in the concept selection. Once the deficiencies were 
reduced to a minimum, the subsystems were incorporated into the total 
appliance system. 

Characteristics of the optimized appliance system were compared to the 
total spacecraft appliance system requirements, and again the appliance 
concept selection was reviewed to reduce system deficiencies where they 
existed. The optimum crew appliance system is comprised of the final 
appliance concepts chosen in this process. Procedures used in the process 
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6.0 (Continued) 

are discussed for the Shuttle and Space Station in the following Paragraphs 

6.1 and 6.2, respectively. Detailed descriptions and performance data of 
the concepts chosen and those considered in the trades are included in 
Appendices B and C. 

6.1 SHUTTLE APPLIANCE SYSTEM OPTIMIZATION 

Because of the short mission duration and small crew size, the Shuttle 
has requirements for only a few major appliance functions; of these refrig- 
erated storage, food warming, and fecal/urine collection call for more 
complex concepts. Other appliance functions require simplistic concepts 
or disposable items. The appliance concepts chosen for the Shuttle system 
are listed in Table 2-1 of the Summary (Paragraph 2.0), and illustrations 
of the concepts chosen are shown for each subsystem in Figure 6-1. 

Requirements for the Shuttle appliance system were well defined in 
Reference 276 (see Paragraph 4.1), and a good comparison of major operating 
characteristics could be made against those of the optimum system. 

6.1.1 Shuttle Optimized Food Management Subsystem 

The appliance functions and corresponding concepts which were rated highest 
in the trade program are listed below for the food management subsystem; 

0 Refrigerated Food Storage 
Concept - Space Radiator 
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FIGURE 6-1 SELECTED SHUTTLE APPLIANCE CONCEPTS 
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COLLECTION 


TELEVISION 
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DISPOSAL SURFACE 

WIPING 


LIBRARY 
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DISPOSABLE 
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FOOD 

HEATING 

TRAYS 


REFRIGERATOR/FREEZER 


DISPOSABLE 
WET /DRY WIPES 


SHAVING 


DENTAL CARE 


FECAL & URINE 
COLLECTIONARANSFER 


PERSONAL HYGIENE 


HOUSEKEEPING 


FOOD MANAGEMENT 
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6.1.1 (Continued) 

0 Food VJarminq 

Concept - Heating Trays 
0 Galley Cleanup 

Concept - Reusable Metallic Dishes and Utensils plus 
Disposable Wet/Dry Wipes 

Frozen food storage concepts were investigated and optimization trades were 
made; however, there are currently no requirements for frozen food storage 
on board the Shuttle Orbiter. Therefore, this appliance is not included in 
the system. 

The refrigerated storage concept chosen is a circulated cool ant- type with 
heat rejection being provided by a space radiator. Cooling coils integral 
to the storage box provide heat transfer medium. Liquid coolant supply 
at 4.4°C (40.0°F) is ‘available from the Shuttle Freon loop. Compared with 
the thermoelectric concept, which rated second in the trade, the space 
radiator concept requires less electric power and a lower net thermal load 
to the Shuttle radiator system. 

The food warming concept chosen was the Skylab-type heating trays, with 
electric convection oven second, and microwave ovens third. Heating trays 
warm the food over a longer period of time than the other two concepts con- 
sidered and, consequently, has a lower heat transfer rate to the cabin 
atmosphere. 
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6.1.1 (Continued) 

Several diverse concepts were considered for the galley cleanup function: 
mechanical dishwashers, manual dishwashers, reusable dishes with wipes, and 
disposable dishes. Of these, reusable dishes and disposable v/et/dry wipes 
traded as the optimum concept. This concept of course has no heat rejection 
or electrical requirements. As could be expected, it rated highly in ther- 
mal and electrical trade but also rated better than mechanical dishwashers 
in the equipment weight. 

Requirements for the food management subsystem components are tabulated 
in Table 6-1. Each of these components was highest rated in its respective 
trade. At the bottom of the table, the Shuttle vehicle requirements for 
this subsystem are compared against the optimum subsystem requirements. 

The optimum requirements are strictly a summation of the component require- 
ments. Thermal and electrical loads were added directly since each of 
these appliances would be required to operate coincidentally. 

The minus (-) sign indicates that the optimum system is within the vehicle 
requirement by the amount noted. The plus (+) sign indicates that optimum 
subsystem is outside the vehicle requirement by the amount shown. This 
convention will be observed in all comparisons made in Paragraphs 6.1 and 
6.2. As seen in the deficiency line, the optimum subsystem thermal and 
electrical performance is within the vehicle requirements; however, the 
weight and volume exceed the vehicle requirements. 
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HABITABILITY 

FUNCTION 


FOOD STORAGE 


0 REFRIGERATED (SPACE RADIATOR) 
FOOD PREPARATION 


0 FOOD WARMING (HEATING TRAYS) 


FOOD CLEANUP 


0 UTENSILS - DISHES (REUSABLE 
METALLIC) 

0 CLEANING (DISPOSABLE WET/DRY 
WIPES) 


SUBSYSTEM TOTAL 


VEHICLE SUBSYSTEM (FROM TABLE 4-2) 
REQUIREMENTS 


DEFICIENCY 



MATRIX 


ELECTRIC 

POWER 

WEIGHT 

VOLUME 

PEAK 

AVG 

DEMAND 



WATTS 

WATTS 

WATT- HR 
DAY 

KG 

(lbs) 

m3 

(ft3) 

500.0 

TBD 

TBD 

8.9 
( 19.6) 

0.041 

(1.44) 

660.0 

197.0 

1182.0 

36.6 ■ 
( 80.6) 

0.136 

(4.8) 




13.0 
( 28.6) 

0.027 

(.95) 

710.0 



TBD 

TBD 

58.5 

(129.0) 

0.204 

(7.2) 

893.0 

TBD 

TBD 

38.4 
( 94.7) 

0.170 

(6.00) 

-183.0 

X 

X 

+20.1 

(+44.3) 

+0.034 

(+1.2) 
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6.1.2 Shuttle Optimized Personal Hygiene Subsystem 

Appliance function and corresponding concepts for the personal hygiene 
subsystem which rated highest in the trade program or selected alternately 
are the following: 

0 Fecal/Urine Collection and Transfer 
Concept - Dry John System 
0 Vomitus Collection 

Concept - Disposable Bags 
0 Partial Body Cleansing 

Concept - Disposable Wet/Dry Wipes 
0 Shaving 

Concept - Safety Razor or Windup Razor 
0 Dental Hygiene 

Concept - Typical Toothbrush with Dentifrice 

The dryjohn was chosen as the concept to satisfy the fecal collection and 
transfer function. This concept was chosen although it rated third in the 
trade program behind the Apollo dry bag system and the Sky lab semiautomatic 
bag system for fecal collection and transfer; and it rated fourth behind 
the Apollo cuff type, the Skylab intimate adapter, and the aperture urinal 
for urine collection and transfer. This choice was made to provide greater 
crew convenience than could be accorded by the higher rated systems. Also 
as discussed in Paragraph 4.1.2, this system is the type called out in 
the vehicle requirements. This system contains a collector unit to retain 
the waste and wipes for the entire mission duration. The collector volume 
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6.1.2 (Continued) 

is held at a vacuum pressure level to reduce waste volume and inhibit 
bacteria presence. 

The voinitus collection concept which rated the highest was the portable, 
disposable collector similar to the type used by commercial airlines. 

Concepts chosen to fill the partial body cleansing function were the 
disposable prepackaged wet wipes and disposable dry wipes. Skylab-type 
disposable washcloths rated second and the mechanical system (automatic 
sponge) rated third in the trade program. Disposable wet wipes have a 
slightly higher weight and volume penalty than the mechanical system; 
however, there is no heat transfer or electric power requirement as used 
in the mechanical system. Also, the electric dryer method of drying 
(which rated second to the disposable dry wipes) has less of a weight and 
volume penalty than disposable wipes but has a heat transfer and electric 
power penalty. 

The shaving function can be satisfied by either the safety razor or the 
windup razor depending on crewman preference. Since each of them has 
essentially the same weight and volume requirements and no heat transfer 
or electric requirement, they rated closely in the trade program. 

The dental hygiene (teeth brushing) concept chosen was the typical 
toothbrush with a dentifrice supply. 
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6.1.2 (Continued) 

The requirements for the optimum components of the personal hygiene 
subsystem discussed previously are listed in Table 6-2. These require- 
ments are summed and compared with the vehicle requirements for this 
subsystem at the bottom of the table. As noted in the deficiency line of 
the table, the optimum subsystem is well within the vehicle subsystem 
requirements in all categories compared except heat leakage to the cabin 
atmosphere. 

The reason for the large margin in favor of the optimum subsystem weight 
is attributable to the amount of expendables assigned in the vehicle 
requirements to the fecal/urine collection and transfer system and also 
the heavier mechanical system for partial body washing (Table 4-2). Also 
the weight allowance for system includes the weight requirement for water 

6.1.3 Shuttle Optimized Housekeeping Subsystem 

The appliance functions and corresponding concepts which rated highest 
in the trade study or selected alternately are listed below for the house 
keeping subsystem: 

0 Surface Wiping 

Concept - Disposable Wet/Dry Wipes (prepackaged) 

0 Manual Refuse Collection 

Concept - Disposable Bags 
0 Vacuum Refuse Collection 

Concept - Electric Vacuum Cleaner 
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TABLE 6-2 


SHUTTLE PERSONAL HYGIENE SUBSYSTEM OPTIMIZATION MATRIX 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HT LEAK 

PEAK 

AVG 

DEMAND 



FUNCTION 

WATTS 

(Btu/hr) 

WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT-HR 

DAY 

KG 

(lbs) 

m 3 

im 

WASTE COLLECTION/TRANSFER 
0 FECAL/URINE COLLECTION (DRYJOHN 
SYSTEM) 


200.1 
( 683.0) 

675.0 

440.0 

TBD 

148.8 
( 328.0) 

0.850 

(30.0) 

0 VOMITUS COLLECTION (DISPOSABLE 
BAGS) 






5.4 

( 1.2) 

0.000 

(0.0) 

BODY CLEANSING (WET/DRY WIPES) 






43.5 
( 96.0) 

0.062 

(2.2) 

PERSONAL GROOMING 






0 SHAVING (WINDUP RAZOR) 


■ 




0.5 

( 1.0) 

0.003 

(0.1) 

0 DENTAL (TOOTHBRUSH + DENTIFRICE) 






6.4 
( 14.0) 

0.034 

(1.2) 

SUBSYSTEM TOTAL 


200.1 
( 683.0) 

675.0 

440.0 

TBD 

199.7 
( 440.2) 

0.949 

(33.5) 

VEHICLE SUBSYSTEM (FROM TABLE 4-1) 
REQUIREMENTS 


165.0 
( 563.1) 

805.0 

TBD 

(636.6) 

588.4 

(1297.2) 

1.546 

(54.6) 

DEFICIENCY 


+35.1 

(+119.9) 

-130.0 

X 

X 

-388.7 

(-857.0) 

0.598 

(-21.1) 




D2-118561-1 











D2-118561-1 


6.1.3 (Continued) 

0 Refuse Storage 

Concept - Storage Bin/Container 
0 Garment/Linen Maintenance 

Concept - Disposable Clothes 

The concept which traded highest for the surface wiping function was the 
disposable, prepackaged wet wipe and disposable dry wipe. This concept 
required the least weight penalty and had no thermal or electrical 
requirements. The second highest rated concept was the Skylab-type dis- 
posable cloth and dry wipe. This concept has the smallest volume requirement. 
Other concepts considered which required a mechanical wetting system or 
equipment to wash and dry reusable wipes rated poorly. 

Disposable trash bags v/ere chosen for manual refuse collection. 

For the vacuum refuse collection function, the Skylab-type electric vacuum 
cleaner was chosen. This concept ranked second to a vacuum vented system 
in view of the thermal and electrical power requirements. However, because 
Of the Shuttle overboard venting prohibition, the electric vacuum cleaner 
was chosen. The third concept considered was a commercial -type vacuum 
cleaner. It ranked third in the trade study because of a higher electrical 
power consumption and commensurate heat transfer rate. 

The refuse disposal function was filled by the storage bin/container concept 
which ranked ahead of the vacuum storage concept. Neither concept has a 
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6.1.3 (Continued) 

thermal or electrical requirement; however, the vacuum storage concept has 
a weight penalty which is an order of magnitude greater than the bin concept. 

Trash compactor concepts were traded for the refuse processing function. 
However, because there is no requirement for a compactor on the Shuttle 
vehicle, this function was not included in the housekeeping subsystem. 

Disposable clothes was the concept which traded highest for garment/linen 
maintenance. Several combinations of mechanical washer/dryer systems were 
studied and traded; however, these concepts ranked poorly against disposable 
clothes because of their inherent thermal, power, and weight (due to 
cleaning fluid requirements) penalties. 

The requirements for the housekeeping subsystem components are listed in 
Table 6-3. Components shown are those which rated highest in the trade 
studies and were selected for the reasons discussed above. Of these 
appliance components, only the vacuum cleaner has a thermal or electrical 
requirement. The weights and volumes shown in Table 6-3 were added directly 
to form the system total at the bottom of the table. The vehicle subsystem 
requirements are shown also and the deficiencies noted. As seen from the 
table, the optimum subsystem requirements exceed those of the vehicle in 
all categories. However, since the concepts are essentially the same in 
both the optimum and vehicle systems for all functions (wet/dry wipes, 
disposable clothes, etc.) and because the most recent data were used to 
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TABLE 6-3 


SHUTTLE HOUSEKEEPING SUBSYSTEM OPTIMIZATION MATRIX 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HT LEAK 

PEAK 

AVG 

DEMAND 



FUNCTION 

WATTS 

(Btu/hr) 

WATTS 

(Btu/hr) 

WATTS • 

WATTS 

WATT-HR 

DAY 

KG 

(lbs) 

m3 

(ft3) 

EQUIPMENT CLEANING (WET/DRY WIPES) 






39.1 

0.079 

1 






( 86.3) 

( 2.8) 

REFUSE MANAGEMENT 








0 MANUAL COLLECTION 






6.6, 
( 14.6) 

0.088 
( 3.1) 

0 VACUUM COLLECTION {ELEC. VACUUM 
CLEANER) 


76.8 

(262.0) 


TBD 

TBD 

13.8 
( 30.4) 

0.023 
{ .8) 

0 REFUSE STORAGE (STORAGE BINS) 






8.7 
( 19.2) 

0.387 

(13.3) 

GARMENT/LINEN MAINTENANCE (DISPOSABLE 






51.7 

0.609 

CLOTHES AND LINENSl 






( 114.0) 

(21.5) 

SUBSYSTEM TOTAL 


76.8 

(262.0) 

115.0 

TBD 

TBD 


mmsm 

nyi^i 

VEHICLE SUBSYSTEM (FROM TABLE 4-4) 
REQUIREMENTS 


■BBl 

80.0 

60.0 

120.0 

41.0 
( 90.4) 

0.621 
( 18.4) 

DEFICIENCY 

H 


+35.0 



11^39 

+0.654 

(+23.1) 
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6.1.3 (Continued) 

determine the optimum concept's weight, volume, etc., optimum subsystem 
values are assumed to be irreducible. 

6.1.4 Shuttle Optimized Off-Duty Activities Subsystem 

The appliances for Shuttle off-duty activities were not traded for 
determination of the optimum concepts. Rather, the characteristics of 
typical items were determined (some commercially available) and compiled 
for this subsystem. The results of this compilation are shown in Table 6-4. 
All the requirements for the Shuttle mission recreation and physical con- 
ditioning activities are filled by those items listed. 

6.1.5 Shuttle Optimized Appliance System 

Results of the previous subsystem optimization program are compiled and 
tabulated in Table 6-5. Values listed in the table represent the charac- 
teristics of each subsystem derived in the previous paragraphs. The 
system total at the lower part of the table forms the optimum appliance 
system requirements. This total is a strict summation of the subsystem 
values with the exception of the heat rejection rate and peak electrical 
power. The housekeeping electrical power (vacuum cleaner) requirement 
was omitted from the sum because it was assumed that this function would 
not be conducted coincidentally with food preparation. This assumption 
was made also in defining the vehicle requirements (Paragraph 4.1). 


TABLE 6-4 


SHUTTLE OFF-DUTY SUBSYSTEM OPTIMIZATION MATRIX 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HT LEAK 

PEAK 

AVG 

DEMAND 



FUNCTION 

WATTS 

(Btu/hr) 

WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT- HR 
DAY 

KG 

(lbs) 

m3 

(ft3) 

ENTERTAINMENT 
0 AUDIO SYSTEM 


30.0 

(102.4) 

45.0 

30.0 • 

TBD 

20.5 
( 45.2) 

0.028 
( 1.0) 

0 BOOKS 






0.5 . 
( 1.1) 

0.003 
( .1) 

0 TV 


120.0 

(409.6) 


120.0 

TBD 

22.7 
( 50.0) 

0.122 
( 4.3) 

0 GAMES 






1.5 
( 3.3) 

0.003 
( .1) 

PHYSICAL CONDITIONING 








0 EXERCISE DEVICES 






0.6 
( 1.3) 

0.006 
( .2) 

SUBSYSTEM TOTAL 

■ 


225.0 

150.0 

r" ' ■ 

TBD 

45.8 

(100.9) 

0.161 
( 5.7) 

VEHICLE SUBSYSTEM TABLE 4-5) 

REQUIREMENTS 



270.0 

179.9 

740.0 

85.5 

(188.5) 

0.283 

(10.0) 

CEFICIENCY 

1 


-15.4 

(-52.4) 

(-45.0) 



IHRI 

W 
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TABLE 6-5 


SHUTTLE APPLIANCE SYSTEM OPTIMIZATION 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HT LEAK 

PEAK 

AVG 

DEMAND 



SUBSYSTEM 

WATTS 

(Btu/hr) 

WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT -HR 
DAY 

KG 

(lbs) 

m3 

(ft^) 

FOOD MANAGEMENT 

(FROM TABLE 6-1) 

1 

8,0 

(30.0) 

238.2 
( 813.0) 

710.0 

TBD 

TBD . 

58.5 
( 129.0) 

0.204 
{ 7.2) 

PERSONAL HYGIENE 
(FROM TABLE 6-2) 


200.2 
( 683.0) 

675.0 

440.0 

TBD 

199.7 
( 440.2) 

0.949 

(33.5) 

HOUSEKEEPING 
(FROM TABLE 6-3) 


76.8 

*( 262.0) 

*115.0 

TBD 

TBD 


1.175 

(41.5) 

OFF-DUTY 
(FROM TABLE 6-4) 


150.0 
( 512.0) 

* 

225.0 

150.0 

TBD 

45.8 
( 100.9) 

0.161 
( 5.7) 

* OMITTED FROM TOTAL 






- 


SUBSYSTEM TOTAL 

" 

8.8 

(30.0) 

588.3 
( 2008.0) 

1610.0 

TBD 

TBD 

423.9 
( 934.6) 

2.489 

(87.9) 

VEHICLE SYSTEM (FROM TABLE 4-1) 
REQUIREMENTS 

8. .4 
(28.6) 

1052.2 
( 3591.2) 

1876.0 

TBD 

TBD 

753.0 
( 1660.0) 

mmm 

1 L'lFICIENCY 

+0.4 1 

(+1.4) 

1 

-463.9 

(-1583.2) 

-266.0 



-329.0 
( -725.4) 

BjgH 
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6.1.5 (Continued) 

The vehicle appliance system requirements are listed at the bottom of 
Table 6-5 and compared with optimized total. As seen from the comparison, 
the optimized system is within the vehicle requirements in all categories 
except in the heat rejected to the coolant which is only a 0.41 watt 
(1.4 Btu/hr) deficient. The optimized weight requirement is approximately 
44 percent under the vehicle requirement due largely to the fact that the 
vehicle fecal /urine collection system requires a "wet" john and the opti- 
mized system utilizes a dryjohn concept. Also, a large vehicle weight 
penalty is required for a mechanical partial body washing device; whereas, 
the optimum system utilizes disposable wipes. 

' ^ The optimized heat rejection rate penalty is smaller than the vehicle 

requirement by approximately 43 percent or 464 watts (1583 Btu/hr). As 
seen in Table 6-1, this results mostly from the food management subsystem; 
specifically, food warming. The reason for the large difference in heat 
rate is the difference in food warming rates between convective ovens 
(used in vehicle requirements) and food trays; food trays being slower. 

The optimized appliance system devised for the Shuttle mission is well 
within or near the vehicle requirements with no loss to crewman convenience 
or system capability. The use of concepts other than those stated in the 
requirements and the use of disposables contributed to these reductions 
which provide a considerable weight savings and a reduced thermal load 

“S*- to the ECLSS. 
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6.2 SPACE STATION APPLIANCE SYSTEM OPTIMIZATION 

The optimized Space Station appliance system includes the more complex 
appliance concepts to provide conveniences for the crewman during the 
extended mission durations. Some of these concepts were chosen over the 
higher trade-rated concepts with the sacrificing of a lower penalty for 
weight, volume, power, or thermal load. However, in many cases, the 
concept chosen for a particular appliance function was the optimum of 
several similar concept options if not of all concepts considered. 

Consumable requirements and operational penalties were not defined for 
each appliance in Reference 29; only basic appliance characteristics 
were given. Thermal and electrical requirements are listed in this 
section for each of the optimum appliances whenever possible in order 
to provide the greatest amount of useful data. Thus, in many instances 
a direct comparison between the vehicle requirements and optimum system 
requirements could not be made. Consumable requirements {water, gas, 
detergents, germicides, etc.) were not included in the optimum appliance 
weight and volume values. These numbers were used in trades and are 
presented in Appendix C. 

The same format used in describing the optimized Shuttle appliance system 
(Paragraph 6.1) is used in the following discussion of the Space Station 
system. For many appliance functions, the same concept is used in both 
appliance systems. The appliance concepts chosen for the Space Station 
are summarized in Table 2-2 of the Summary (Paragraph 2.0), and illustra- 
tions of the concepts are shown for each subsystem in Figure 6-2. 


FIGURE 6-2 SELECTED SPACE STATION APPLIANCE CONCEPTS 
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6.2.1 Space Station Optimized Food Management Subsystem 

The appliance functions and corresponding concepts which were rated highest 
in the trade program or selected alternately are listed below for the food 
management subsystem: 

0 Refrigerated Food Storage 
Concept - Space Radiator 
0 Frozen Food Storage 

Concept - Space Radiator 
0 Food Warming 

Concept - Heating Trays 
0 Galley Cleanup 

Concept - Water Spray Wash - Electric Heat Dry 

As with the Shuttle, a space radiator concept of heat rejection traded 
as optimum for both the refrigerated and frozen food storage appliances. 
This concept, discussed in Paragraph 6.1.1, requires a space radiator 
system which will deliver the refrigerant to the freezer at -23°C (-lO^F). 
The system requires one similar to that of the Skylab freezer; whereby, 
the radiator is directed away from the sun during earth orbit. Also, 
as with the Shuttle, the food warming concept chosen was the Skylab- 
type heating trays, with electric convection oven second, and microwave 
ovens third. 

Concepts considered for the galley cleanup function were: mechanical 
dishwasher/dryers, manual dishwasher/dryers, reusable dishes with wipes, 
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6.2.1 (Continued) 

and disposable dishes. Of these, reusable dishes and disposable v/et/dry 
wipes traded as the optimum concept. The reason for this was the high 
ratings of this concept in all categories except weight; and because the 
optimum appliance system is heavier than the system requirements, a 
lighter mechanical system was picked. Also, the resupply weight of the 
mechanical system is comparatively low. Of the mechanical dishwasher/ 
dryers traded, the hot water spray device with centrifuge drying traded 
highest. However, because of the uncertainties of the centrifuge drying 
concept, an electric heat drying method was selected. 

Requirements for the food management subsystem components are tabulated 
in Table 6-6. Each of these components was highest rated in its respective 
trade except those noted previously. At the bottom of the table, the 
Space Station vehicle requirements for this subsystem are compared against 
the optimum subsystem requirements. The sign convention, {+) or (-), 
discussed in Paragraph 6.1 will be used in this paragraph also. As in 
the requirements summation (Table 4-7), the optimum thermal and electrical 
power requirements were not summed directly since the food warming device 
and dishwasher were assumed to operate coincidentally. Peak electrical 
requirements were not defined in Reference 29; thus, a comparison of 
these values cannot be made. As seen in the deficiencies, the optimum 
subsystem weight and volume exceed the vehicle requirements; but the net 
heat rejection rate is within the requirements. 
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TABLE 6-6 


SPACE STATION FOOD MANAGEMENT SUBSYSTEM OPTIMIZATION MATRIX 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HT LEAK 

PEAK 

AVG 

DEMAND 



FUNCTION 

WATTS 

(Btu/hr) 

WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT- HR 
DAY 

KG 

(lbs) 

m3 

(ft3) 

FOOD STORAGE 

0 REFRIGERATED (SPACE RADIATOR) 

52.4 
( 179.0) 

-2.3 
{ -8.0) 

50 

TBD 

TBD 

136.1 
( 300.0) 

.623 
( 22.0) 

0 FROZEN (SPACE RADIATOR) 

715.5 

(2442.0) 

-665.4 

(-2271) 

50 

TBD 

TBD 

589.7 

(1300.0) 

2.705 
( 95.5) 

FOOD PREPARATION 
0 FOOD WARMING (HEATING TRAYS) 


295.3 

*(1008.0) 

990.0 

296.0 

591.0 

54.8 ' 
( 120.9) 

.204 
( 7.2) 

GALLEY CLEANUP 

0 DISHWASHER/DRYER (WATER SPRAY WASH/ 
ELECTRIC HEAT DRYING) 

246.7 
( 842.0) 

371.5 

(1268.0) 




59.9 
( 132.0) 

.716 
( 25.3) 

* OMITTED FROM TOTAL 


■ 






SUBSYSTEM TOTAL 

1014.7 

(3463.0) 

-0.9 
( -3.0) 

1090.0 

TBD 

TBD 

840.5 

(1852.9) 

4.248 

(150.0) 

VEHICLE SUBSYSTEM 
REQUIREMENTS 

0:0 

( 0.0) 

958.0 

(3269.7) 

TBD 

958.0 

TBD 

532.2 

(1173.3) 

6.313 

(222.9) 

DEFICIENCY 

+1014.7 

(+3463.0) 


TBD 

\/ 

z\ 

X 

+308.3 

(+679.6) 

2.06 

(-72.9) 
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6.2.2 Space Station Optimized Personal Hygiene Subsystem 

The appliance function and corresponding concepts which rated highest in 
the trade program or selected alternately are listed below for the per- 
sonal hygiene subsystem: 

0 Fecal/Urine Collection and Transfer 
Concept - Dryjohn System 
0 Vomitus Collection 

Concept - Disposable Bags 
0 Whole Body Shower 

Concept - Collapsible Shower 
0 Partial Body Cleansing 

Concept - Reusable Wet/Dry Wipes 
0 Shavi ng 

Concept - Windup Razor 
0 Hair Cutting 

Concept - Razor Comb/Vacuum Collection 
0 Nail Care 

Concept - Manual Nail Clipper 
0 Dental Hygiene 

Concept - Typical Toothbrush with Dentifrice 

The fecal /urine collection and transfer system chosen was the dryjohn 
concept. As noted previously, this system provides greater crew convenience 
although it traded lower than the simpler concepts. 
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6.2.2 (Continued) 

The vomitus collection concept which rated the highest was the portable, 
disposable collector similar to the type used on commercial airlines. 

The collapsible shower was the concept which rated the highest for whole 
body shower function, and the rigid wall system (mechanical) using towels 
to pick up water rated second. The collapsible shower is the type used 
on the Skylab mission which employs a nonrigid, fabric cylinder about 
the crewman to contain the shower water. This concept provided a smaller 
weight penalty than the conventional rigid wall type. 

The concept which rated highest in the trade for partial body cleansing 
was the disposable prepackaged wet wipes. This resulted essentially 
because this concept has no heat rejection or electrical penalty. How- 
ever, because of the large weight and volume penalty of this concept and 
because a clothes washer/dryer was to be included in the system (see 
Paragraph 6.2.3), the decision was made to use reusable wet wipes with 
a mechanical wetting device. Reusable dry wipes rated highest for the 
partial body drying and was included in the system. 

The windup razor was rated highest for the shaving appliance and was 
selected. The vacuum-driven razor rated second. Hair cutting function 
was satisfied by a razor comb device with vacuum hair collection. Nail 
clippers are the commercial type, and the dental hygiene (teeth brushing) 
concept chosen was the typical toothbrush with a dentifrice supply. 
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6.2.2 (Continued) 

The requirements for the optimum components of the personal hygiene 
subsystem discussed previously are listed in Table 6-7. These require- 
ments are summed directly. The optimum subsystem exceeds the vehicle 
requirements in all categories. 

6.2.3 Space Station Optimized Housekeeping Subsystem 

The appliance functions and corresponding concepts which rated highest 
in the trade study or selected alternately are listed for the house- 
keeping subsystem. 

0 Surface Wiping 

Concept - Reusable Wet/Dry Wipes 
0 Manual Refuse Collection 

Concept - Disposable Bags 
0 Vacuum Refuse Collection 

Concept - Electric Vacuum Cleaner (Skylab-type) 

0 Refuse Processing 

Concept - Compactor (air pressure) 

0 Refuse Storage 

Concept - Storage Bin/Container 
0 Garment/Linen Maintenance 

Concept - Water Spray Agitation/Electric Heat Drying 

The concept which traded highest for the surface wiping function was the 
disposable, prepackaged wet wipe and disposable dry wipe. This concept 




TABLE 6-7 


SPACE STATION PERSONAL HYGIENE SUBSYSTEM OPTIMIZATION MATRIX 


, 

HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HT LEAK 

PEAK 

AVG 

DEMAND 



FUNCTION 

WATTS 

(Btu/hr) 

WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT -HR 
DAY 

KG 

(lbs) 

m3 

(ft3) 

WASTE COLLECTION/TRANSFER 
0 FECAL/URINE COLL. TDRYJOHN) 


200.1 
( 683.0) 

675.0 

440.0 

204.0 

183.8 

(405.1) 

0.954 
( 33.7) 

0 VOMITUS COLLECTION (DISPOSABLE BAGS) 






7.0 
( 15.5) 

0.003 
( 0.1) 

BODY CLEANSING 

0 WHOLE BODY SHOWER (COLLAPSIBLE) 

77.2 

(264.0) 

253.1 
( 864.0) 

85.5 

85.5 

128.4 

71.7 

(158.0) 

1.385 
( 48.9) 

0 PARTIAL BODY WASHING (REUSABLE 
WIPES) 

105.5 

(360.0) 

277.8 
( 948.0) 

500.0 

361.0 

, 


25.0 
{ 55.2) 

0.382 
( 13.5) 

0 PARTIAL BODY DRYING (REUSABLE 
WIPES) 






1.6 
( 3.4) 

0.062 
( 2,2) 

PERSONAL GROOMING 

0 MISC. TOILET ITEMS (SEE PARA. 6,2.2) 



■ 



79.7 

(175.8) 

0.280 
( 9.9) 

SUBSYSTEM TOTAL 

182.8 

(624.0) 

731.0 ' 
(2445.0) 

1260.5 

886.5 

TBD 

368.8 

(813.0) 

3.067 

(108.3) 

VEHICLE SUBSYSTEM 
REQUIREMENTS 

TBD 


TBD 

299.0 

TBD 

287.3 

(633.3) 

2.852 

(100.7) 

DEFICIENCY 

TBD 

+432.1 

(+1474.6) 

TBD 

X 

k 

81.5 

(+179.7) 

.215 
( +7.6) 
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6.2.3 (Continued) 

has no thermal or electrical requirements. Second highest rated concept 
was the Skylab-type disposable cloth and dry wipe. This concept has the 
smallest volume requirement. Other concepts considered which required 
a mechanical wetting system or equipment to wash and dry reusable wipes 
rated poorly. However, because of the excessive weight and volume penalty 
for the disposable wipes compared to reusable ones and because of the 
availability of clothes washer/dryer onboard, reusable wipes were chosen 
as the surface wiping concept. The wetting unit is a duplicate of the 
system used in the partial body cleansing appliance (Paragraph 6.2.2). 

The decision was made to include two wetting units because of the fre- 
quency of use. 

Disposable trash bags were chosen for manual refuse collection. For the 
vacuum refuse collection function, the Skylab-type electric vacuum cleaner 
was chosen. However, the space-vented vacuum cleaning rated closely to 
the electric concept (Figure 5-47). 

The refuse compactor concept chosen was the air pressurized device. This 
system has no thermal or electrical penalties. The second rated concept 
is vacuum operated and has essentially the same characteristics as the 
pressurized concept but has a higher weight penalty. The compactor is a 
necessary appliance because of the large volume of trash generated during 
the long duration missions. 
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6.2.3 (Continued) 

The refuse disposal function was filled by the storage bin/container concept 
which ranked ahead of the vacuum storage concept. Neither concept has a 
thermal or electrical requirement; however, the vacuum storage concept has 
a weight penalty (due to cabin air lost during each cycle) which is con- 
siderably higher. Both have essentially the same volume requirements when 
traded directly without compaction. Since a compactor is onboard, the 
trash volume can be reduced to 20 percent of the original volume. 

Disposable clothes was the concept which traded highest for garment/linen 
maintenance. Several combinations of mechanical washer/dryer systems were 
studied and traded; however, these concepts ranked poorly against dispos- 
able clothes because of their inherent thermal, power, and development 
penalties. Of the mechanical concepts considered, the water spray agita- 
tion concept with clothesline drying rated highest. Because of the large 
weight and volume of disposable clothes (and thus high resupply costs), 
a mechanical washer/dryer concept was chosen instead. The concept chosen 
was the integral spray washer with electric heat drying. Although the 
clothesline drying traded higher, it was considered a crew inconvenience. 
Weight and volume of clothes and linen necessary to maintain an adequate 
supply during the mission were added to the appliance weight and volume, 
respectively. 

The requirements for the housekeeping subsystem components are listed in 
Table 6-8. The components shown are those which rated highest in the trade 
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TABLE 6-8 


SPACE STATION HOUSEKEEPING SUBSYSTEM OPTIMIZATION MATRIX 



HEAT REJECTION 

ELECTRIC 

POWER 

WEIGHT 

VOLUME 

HABITABILITY 

COOLANT 

HT LEAK 

PEAK 

AVG 

DEMAND 



FUNCTION 

WATTS 

(Btu/hr) 

WATTS 

(Btu/hr) 

WATTS 

WATTS 

WATT -HR 
DAY 

KG 

(lbs) 

m 3 

im 

EQUIPMENT CLEANING 
0 SURFACE WIPING (REUSABLE WET/DRY 
WIPES) 

105.5 
{ 360.0) 

277.8 
( 948.0) 

500.0 

TBD 

TBD 

14.7 
{ 32.5) 

0.176 
( 6.2) 

REFUSE MANAGEMENT 

0 MANUAL COLLECTION (DISPOSABLE BAGS) 






153.1 

(337.5). 

0.634 
( 22.4) 

0 VACUUM COLLECTION (ELECTRIC VACUUM 
CLEANER) 


76.8 
( 262.0) 

115.0 

115.0 


13.8 
( 30.4) 

0.0255 
( 0.9) 

0 REFUSE PROCESSING (COMPAC-AIR PRESS) 


10.0 
( 34.1) 

10.0 

10.0 


55.9 

(123.2) 

0.210 
( 7.4) 

0 REFUSE STORAGE (STOR BIN/CONTAINER) 






44.3 
( 97.6) 

3.313 

(117.0) 

GARMENT/LINEN MAINT. 

0 WAS HER/ DRYER (WATER SPRAY AG IT/ 
ELEC. HEAT DRYING) 

197.8 
( 675.0) 

1470.9 

(5020.0) 

227.0 



170.1 

(375.0) 

1.232 
( 43.5) 

SUBSYSTEM TOTAL 

303.3 

(1035.0) 

1835.3 

(6264.1) 

852.0 

TBD 

TBD 

451.9 

(996.2) 

5.591 

(197.4) 

VEHICLE SUBSYSTEM 
REQUIREMENTS 

TBD 

TBD 

TBD 

299.0 

TBD 

(589.8) 

2.580 
( 91.1) 

DEFICIENCY 

TBD 

TBD 

TBD 

X 

X 

(+406.4) 

3.010 

(+106.3) 


D2-118561-1 






D2-118561-1 


6.2.3 (Continued) 

studies or were selected for the reasons discussed previously. The weights 
and volumes shown in Table 6-8 were added directly to form the system total 
at the bottom of the table. Because of the lack of definition of the 
vehicle heat rejection and electrical power requirements, a comparison of 
these items could not be made. As seen in the deficiency line of the 
table, the optimized weight and volume are not within the spacecraft 
requirements for the subsystem. This deficiency is due mainly to the large 
volume and weight requirement of the refuse management function compared 
to those of the vehicle requirements. 

6.2.4 Space Station Optimized Off-Duty Activities Subsystem 

Appliances for Space Station off-duty activities were not traded for 
determination of the optimum concepts. As with the Shuttle off-duty 
appliance selections, the characteristics of the typical concepts were 
determined and compiled for this subsystem. The results of the compila- 
tion are shown in Table 6-9. The vehicle requirements for off-duty 
equipment were not adequately defined to determine the specific components 
included. However, as noted in weight and volume deficiencies in the 
table, the optimum subsystem is within the vehicle requirements. 

6.2.5 Space Station Optimized Appliance System 

Results of the previous subsystem optimization program are compiled and 
tabulated in Table 6-10. Values listed in the table represent the charac- 
teri sties of each subsystem derived in the previous paragraphs. The 
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6.2.5 (Continued) 

system total at the lower part of the table forms the optimum appliance 
system requirements and is a strict summation of the subsystem values. 

As seen from the table, the optimized system is within the vehicle require- 
ment for volume; however, the weight was 37 percent or 2280 kg (1033 lbs) 
greater than the vehicle requirements. 

Total appliance system heat rate rejected directly to the coolant is 
1650 watts (5563 Btu/hr) , and the rate rejected to the cabin atmosphere 
is 2330 watts (7973 Btu/hr). Peak electrical power is 2529 watts. These 
values represent the maximum possible loads to the system. With adjust- 
ments to the duty cycles of the various appliances within a crew timeline, 
these rates can be reduced. These types of adjustments will be made prior 
to the end of the study and documented in the final report. 

The system weight appears to be irreducible. Each subsystem weight, except 
off-duty, exceeded the vehicle requirement. A weight reduction could be 
accomplished by using the same appliance for dishwashing/dryi ng and clothes 
washing/drying. This approach was investigated in Reference 90. However, 
with the use of one unit for a dual function, the appliance cycle time 
would have to be shortened to accommodate the total number of uses per day. 
This would then necessitate higher peak thermal and electrical loads to 
the system. The size of the appliance could be increased to reduce the 
use frequency, but would be self-defeating in terms of weight and volume. 
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1.0 INTRODUCTION 

This appendix contains the results of the literature search conducted during 
the crew appliance study. A total of 682 references are included. Each 
reference was catalogued according to the type of appliance or vehicle to 
which it was related. For this purpose, a filing index was constructed 
to include all the types of appliances, vehicles, and related technology 
used during the crew appliance study, as shown in Figure Al-1. A general- 
ized data handling program, COMPOSIT'77, available on the Commander-II 
System of Corn-Share timesharing computer located at Ann Arbor, Michigan, 
was used to store, manipulate, and retrieve this information. For each 
reference, the following data were stored: 

0 Reference Identification Number 
0 Title 
0 Author(s) 

0 Date (month/day/year) 

0 Publishing Organization 
0 Contract Number 
0 NASA JSC Library Number 
0 Other Document Numbers 

0 Index Codes (from Filing Index, Figure Al-1) 


The computer program is a highly flexible tool for collection, sorting, 
storage, analysis, and retrieval of generalized data in optional formats. 
Using this program, a complete alphabetized and sorted listing of the 
entire crew appliance bibliography was obtained. 


Al-1 


Al-2 




1.0 VEHICLE REQUIREMENTS 

1.1 SHUTTLE ORBITER 

1.2 SPACELAB 

l'.3 MODULAR AND 33-FOOT SPACE STATION 

1.4 SKYLAB 

1.5 SPACE TUG 

1.6 MANNED ORBITING LABORATORY (MOL) 

1.7 RESEARCH AND APPLICATIONS MODULE (RAM) 

1.8 SPACE STATION/BASE 

1.9 APOLLO APPLICATIONS PROGRAM (AAP)^ 

1.10 LUNAR BASE 

1.11 APOLLO 

1.12 LUNAR MODULE (LM) 

1.13 INTERPLANETARY MANNED MISSIONS 

2.0 FOOD MANAGEMENT 

2.1 FOOD STORAGE (REFRIGERATOR/FREEZER/ 

STORAGE MODULES) 

2.2 FOOD PREPARATION 

2.3 FOOD CLEANUP (DISHWASHER/DRYER, WIPES) 

2.4 WORK/DINING AREAS 

2.5 ANALYTICAL 

3.0 PERSONAL HYGIENE . 

3.1 ■ FECAL COLLECTION/TRANSFER/PROCESSING 

3.2 URINE COLLECTION/TRANSFER/PROCESSING 

3'. 3 VOMITUS COLLECTION/TRANSFER/PROCESSING 

3.4 PARTIAL BODY WASHING/DRYING 

3.5 . WHOLE BODY SHOWER 

3.6 ; DENTAL 

3.7 SHAVING' 

3.8 HAIR/NAIL 

3.9 GENERAL PERSONAL HYGIENE ITEMS 

3.10 MICROBIAL CONTROL 

3.11 ANALYTICAL 


4.0 HOUSEKEEPING 

4.1 EQUIPMENT CLEANING 

4.2 TRASH COLLECTION 

4.3 TRASH PROCESSING/DISPOSAL 

4.4 LAUNDRY (DISPOSABLE/REUSABLE CLOTHING, 

WASHER/DRYER) 

4.5 WASH WATER PROCESSING 

4.6 MICROBIAL CONTROL 

4.7 ANALYTICAL 

5.0 RECREATION 

5.1 AUDIO 

5.2 VISUAL 

5.3 EXERCISE 

6.0 MEDICAL 

6.1 EXPERIMENT MANAGEMENT 

6.2 PREPARATION, PRESERVATION, AND RETRIEVAL 

EQUIPMENT ( REFRIGERATORS/FREEZERS/OVENS) 

6.3 RADIOBIOLOGY 

6.4 DENTISTRY 

6.5 • MINOR SURGERY 

6.6 ANALYTICAL 

7.0 appliance-related’ TECHNOLOGY 

7.1 HEAT PIPES • 

7.2 ULTRASONIC 

7.3 MICROWAVE 

7.4 LASER 

7.^ MICROBIOLOGICAL PROCESSES 

7.6 DIALYSIS AND MEMBRANES 

7.7 THERMOELECTRIC DEVICES 

7.8 FUEL CELLS 

7.9 ELECTROPHORESIS 

7.10 LIGHT PIPES AND FIBER OPTICS 


Figure Ai-i, Crew Appliance Subject Filing Index 


D2-118561-1 


e-iv 


■ 


7.11 SPECIAL THERMAL INSULATION AND ISOLATION 

7.12 BATTERIES 

7.13 TANKS 

7.14 MONITORING 

7.15 METAL BELLOWS 

7.16 FILTERS 

7.17 CRYOGENIC COOLING 

7.18 SEALS 

7.19 SOLAR COLLECTOR 

7.20 VALVES 

7.21 SPACE RADIATORS 

7.22 REFRIGERATION 


Figure Al-1. Crew Appliance Subject Filing Index (concluded) 
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1.0 (Continued) 

The resulting bibliography is composed of three parts. In Part I (Section 4), 
the title, date, publisher, and reference identification number are listed 
for each reference. The references are arranged in numerical order by 
identification number. The first 299 references are numbered 1 through 299 
consecutively, and represent the references reviewed in detail and used 
during the crew appliance. study . The following 383 references are numbered 
1001 through 1383 consecutively. These references were located during the 
literature search but were not directly used for the crew appliance trade 
study. 

In Part II (Section 5), all the references are listed in alphabetical order 
by title. With each reference is listed all the information described 
previously which is stored for it in the computer. 

In Part III (Section 6), the references were sorted by their index code(s) 
from Figure Al-1 and listed alphabetically in a shortened form (title, date, 
and reference identification number). Examples of each of the bibliography 
sections are given in Figure Al-2. Thus, one can readily find (in Part III) 
every reference collected for any given appliance or vehicle category in 
the filing index (Figure Al-1). More detailed information about the refer- 
ences thus located may then be found by examining the long form for the same 
reference in Part II. 

The information accumulated for all the references in the Crew Appliance 
Bibliography described above is permanently stored on Corn-Share magnetic 


Al-4 
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PART I - NUMBERICAL REFERENCE LISTING 


OOOl - EUROPEAN SPACE RESEARCH ORGANIZATION SPACE SHUTTLE-SPaCEL DISCO 
8SI0NS# » 04/17/73/ NASA-JSC 


0002 - space shuttle system SUMMARY/ ROCKWELL DOC* SSV73-45«rJ/ 07/00/73 
/ ROCKWELL 


0003 - space shuttle SYSTEM TECHNICAL REVIEW/ ROCKWELL DOC* SSV73-26/ 04 
/16/73/ ROCKWELL 


0004 *■ SPACE SHUTTLE PROGRAM REVISED CABIN STUDY/ ROCKWELL DQC* SSV73-13 
/ 03/13/73/ ROCKWELL 


0005 - ORDITER VEHICLE END ITEM SPEC* FOR THE SPACE SHUTTLE SYS// PART 1 
/ performance and design REQUIREMENTS/ SPEC. NJ. MJ070-0001-1 / 12/07/73/ 


PART II - ALPHABETICAL REFERENCE LISTING 


Olfcy A Ba&ELJKL PkOTOcOL fgr personal 
HYCIE t.C-FiMAL Nf.PCRI 
ANON/ FAlRCftiLD 

Ots/3l/7i/ NAS S>».llbOy/ FRO 3289/ T71-15611 
3>10 

1001 A GIoMECICaL prugnah for 
EKTE tlDEt; SPACE . Ml SS 1 OnS 
ANON/ NAS>,-JSC 

Cb/00/69/ ■' / / T73-*iaO«2 

6.0 

0229 A DEVICE fCR STORING AMO DISPENSING 
BITL“S1ZE ^'OsD CUbES 

J L MOORE/ J R LATKIN/ Q ROTH/ WHIRLPOOL 
07/13/71/ F416L'!/--C9-C/ SAN-TR~71 .*33/ N7?*"154gS 
2*1 

1002 A MICROBIAL SURVElLLAf.'CE 
SYSTEM 

A K PRYOk A.NU C R NC DUFF/ FAIRCHILD 
00/00/08/ / / 

6*0 


OF FOOR 


PART III - REFERENCES SORTED BY FILING INDEX 

2.0 FOOD MANAGEMENT 

A i-ilCRUWAVE FKLD1'-.C SySTE.M FDR ExTEIDEO SPACE MISSIONS/ 12/63/ 1003 

A sruov UF thE reaction kIrETics FOR several Spacecraft lif^ support sys 
TEmS/ OO/wO/ 1008 

accept^, > iCE TEST FOK LM OXYGEN BACTERIA FILTER/ 03/68/ lOlO 

% 

A[)vA.,CED methods of recovery for space life support systems/ 00/73/ J0l3 
analysis of selected constituents in space Food/ oo/oO/ lois 

Figure Al-2. Examples of the Crew Appliance Bibliography Sections 
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1.0 (Continued) 

tape 5398.B0EING.APPL(D=1600, T=9). These references may easily be searched, 
sorted, rearranged or added to by using the COMPOSIT'77 program. User 
instructions for operating the program are given in Sections 2 and 3. 
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2.0 REFERENCE INFORMATION STORAGE 

Selected information (title, authors, etc.) from the 682 references located 
during the crew appliance literature search was entered into permanent 
storage on the Corn-Share Commander II System. The data for each reference 
were stored by the computer in 12 data fields, as described in Table A2-1. 

A slash symbol (/) was used as a delimiter to separate data fields, and an 
"O'* symbol used to denote' the end of each reference. Bibliography refer- 
ences were then input by remote terminal to a storage file in the above 
format. Thus, a typical reference input file will appear as shown in 
Figure A2-1. 

After all the desired references for a bibliography are entered into a 
symbolic file (i.e., in ordinary English alphabet characters and numbers), 
that file is used as input to the COMPOSIT'77 program which converts the 
information to a binary format for subsequent sorting and retrieval. The 
commands required to perform this operation are shown in Figure A2-2, 
assuming an input symbolic file name of /DATASYM and an output binary file 
name of /LIB. DATA. To execute these commands, the user must also have a 
"control" file named /LIB.CONT which describes to the computer the format 
of the references stored on the input symbolic file. The contents of this 
file used for the appliance bibliography, which assumed the reference for- 
mat in Table A2-1, are listed in Figure A2-3. 

By following the previous instructions, one can use any number of references 
in any format to create a binary bibliography file which can be subsequently 


TABLE A2-1 

INPUT FORMAT FOR STORING CREW APPLIANCE REFERENCE INFORMATION ON COMPUTER FILE 


Computer Name 
for Data Field 

Maximum Number 
of Characters 
Allowed for 
Data Field 

Data Field Description 

FILENUM 

4 

Reference Identification Number 

INDEX 

48 

Applicable Reference Index Codes, from Figure Al-1 

AUTHOR 

48 

Author(s) of reference 

TITLEl 

79 

First line for reference title 

TITLE2 

79 

Second line for reference title 

PUBLISHER 

36 

Publishing organization 

CONTRACT 

12 

Contract number under which work described in reference was 
performed. 

PUBMO 

2 

Month of reference publishing date (2-digit number) 

PUBDA 

2 

Day of Reference publishing date (2-digit number) 

PUBYR 

2 

Year of reference publishing date (2-digit number) 

LIBNUM 

12 

Reference NASA- JSC Library number 


Other Document numbers for reference 


DOCNUM 


36 




ro 

I 

CO 





1st Reference 


2nd Reference 


i 


3rd Reference 


/ 




!.'l ; ri ll'r; 




I r.!,! .r 

, . r.- . 

r 'J 


' ii'it fi r 


r. 


Figure A2-1. Typical Reference Input File Format 
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► 

r 


SYSTEI-ls £ZI 

C77> CPERTF CONTROL ■•‘LI3. CuMT TO ■■•LIB. DFlTR ! 

I'lRRI-IING^EOR OPTION OUERRIIES LINES OPTIOr-l 
OLD 3INRRY TRFlCK? YES 


CRERTEIi 3Y 1414 JRRX 
Or-I DEC 4? 1974 

166 


‘T 

064 

603 RECORDS PERU 
603 RECORDS. ON DOT. 

CURRENT DRTRBRSE FILE IS .-•-LIB.DRTR 

3^*STEHiH!iEr--| .-l-'ROG 


ORIGINAL 
OF POOR QUALira 


NOTE: Underlined characters represent required input to be typed 

by user. The rest is printed automatically by the computer. 


Figure A2-2. Binary Bibliography File Commands 
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/LIB.CONT FILE 


r I'T I 
ifi:-!; Ti 

~ri- ■ 


i'li ITM' ir; • . , 

TIT' E‘ 

Trh, i-.- ^ 

■> 

COi ! ~\-'i • r ? 

'• 'll. 

r'l *" 1 


, ■ ! i •! • 



Figure A2-3. Input Reference File Format Specifications 
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2.0 (Continued) 

sorted, manipulated, and retrieved by the COMPOSIT'77 program. In summary, 
the following procedure is required to enter the Crew Appliance Bibliography 
to the COMPOSIT'77 program: 

a. Enter the information for each of the references into a symbolic 

file using the format shown in Table A2-1 (as in example in Figure A2-1). 

b. Name the above file /DATASYM. 

c. Create a control file, named /LIB.CONT, as shown in Figure A2-3. 

d. Execute the commands given in Figure A2-2 to convert the input 
information to binary format. The output bibliography file from 
this step will be /LIB. DATA. 

The above procedure was followed to create the Crew Appliance Bibliography, 
and the resulting three files are permanently stored on Corn-Share magnetic 
tape 5398. BOEING. APPL(D=1600,T=9) . These files may be used in searching 
the bibliography for any of the references by the desired data field such 
as author, index code(s), key words in title, etc. The methodology used 
is described in Section 3. 
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3.0 REFERENCE INFORMATION SORT/RETRIEVAL 

The COMPOSIT'77 program will sort the references in almost any manner 
desired, as well as search the references for any stored information in 
any of the data fields described in Table A2-1, The procedure of executing 
the various retrieval options will be explained in the following paragraphs 
by giving examples of the most common options used. 

Permanent sort . The binary reference file /LIB. DATA may be permanently 
rearranged, if desired, by sorting on any of the data fields in Table A2-1. 
This type of sort may be both alphabetical and numerical, with the alpha- 
betics given higher priority than numerics. The most obvious uses of this 
type of sort would be: 

- Arrange references in order to increasing identification 
number 

- Alphabetize references by authors 

- Alphabetize references by title 

- Arrange references in order of publishing date 

An example of a permanent sort used to alphabetize by title is given below. 
The underlined characters represent typed input from the user, while the 
rest are written automatically by the computer. 

SYSTEM: C77/LIB.DATA 

C77 SORT ON TITLEl ,TITLE2! 

OLE SET DATA.? YES 


SORT COMPLETE. 
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3.0 (Continued) 

682 RECORDS READ FROM DAT. 
682 RECORDS SORTED TO DAT. 
CC77 SYS 
SYSTEM: 


The above example will sort the references alphabetically by the TITLEl 
and TITLE2 fields in Table A2-1. A sort on any other data field is made 
simply by inserting the name(s) of the field from Table A2-1 in place of 
TITLEl JITLE2. Note that this procedure will sort the data permanently 
on the /LIB. DATA file (or until the next sort is made). If only a tem- 
porary sort is desired for the purpose of printing output, then an example 
described later should be used. 

Normal reference retrieval . A program has been written to handle most 
types of information retrieval for the Crew Appliance Bibliography. The 
program will give two optional output formats (which may be easily changed): 
one is a complete, long form and the other an abbreviated form. A listing 
of this program is given in Figure A3-1. Sample output listings from this 
program for the long and short forms have been shown in Figure Al-2. 

Example cases showing how the program is executed, both for the long and 
the short output formats, are given in Figures A3-2 and A3-3. The under- 
lined characters represent typed input required from the user, while the 
rest are written automatically by the computer. The comments written in 
the examples are self explanatory; and by following through them, one should 
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SOEIHC LIEF;FIF:Y SEfiRCH PROCRFit-l 


i'COliFIRM <TITL> PROMPT 'TITLE’ 
iiMFIEM TITL 

4FIRC TITLE I-IELE' •■'EHTER TITLE STRItiC OR HIT CFlRRIFlGE RETURM& 

IF MO TITLE IS DESIRED' 

#EIIIiMHEH 

#FlF:C-; E:-:P prompt 'SEFiRCH EMPRESSIOH' hlELP 'EMTER CFIELD: [LOGICFIL OPERfiTORI CUFlUJ 

EXFlMPLE. FlUTHOR EQ JOHMSOM j L . B . " ' 

#COMFIRM SORT 
#WHEM SORT 

#FIRG SORTLIST PROI-IPT 'SORT OtP 
#ErE(MHEH 

#COMFIRM HIDE PROMPT 'PRINT WIDE FORM’ 

#I'JRITE 

iv^^C7? .•••LIB.HFlTfl 
PRINT FOR <EXP> 

#MHEN I'HDE 

INCUJHE ONE COLUMN (FI LENUM+' ’ +TITLE1 TRIM CTITLEP) > 

TF: I M ( FlUTHOR 3 + ’ , ' •+ PIJBL I SHER j. 

PUBMO+ ’ ' +PUBDFH- ’ ’ H-PUBYR+ ' j ' +TR I FI ( CONTRFiCT 3 + ’ j ' •+ TR I M ( DDCMUM 3 + ’ s ’ + 

LI3NUM) INDEX 3 

#MHEN SORT 

SORT ON .-•< SORTLIST >.'• 

#ENDMHEfi 

l'IIDTH^-=S0 SPFiCING-E; LINES=fiO 

#MHEN TITL 

TITLE LEFT sf:<TITLE>$ 

REPEAT TITLE 
#END1-3HEN 
r-IOPFiGE 
#ELSE 

INCLUDE LINEir-^TRII'l (TITLEl 3 +' ' -+TRIM (TITLES) +' , ' +PIJBMO+' •-•' H PUBYR+’ j ’ + 

FILENUM (M ?£3 
(il-3HEM SORT 

SORT ON/<SORTLIST>/ ' • ' 

#ENDMI-IEF( 

WIDTt-t-80 NOPFlGE SPFlCING^l 
ttMHEM TITL 

TITLE LEFT SCTITLElJ^^ 

«€MDt'IHEN 
«EI-iDMFIEN 
TO .-•.LIE. REP (Y3 

#CONFIRI'1 PRINT 
mHE\\ PRINT 
COPY •••.LIB. REP 
#ENDMHEH 
ftMRITE .-■■.OS-.JO 
OUT 

#l'.IHE.ri NOT PRII’H 
KENDMHEH 

#.JOB ••■.01 


Figure A3-1, Library Search Program 


PROMPT 'COPY TO PRINTER’ 
sp (F==143 
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SYSTEf‘1: GEH /•PEOC 

EOEItlG LIEF:RF;‘i‘ SEFiRCM PROGRRM 


TITLE? 11® 

SERRCI-I E T'RESSIOri: I'lRTCH (IHr.iE: 

•SORT? ® ■ (^ 

SORT OH; FREHlJI'l ^ 

PRIHT I'll HE FORM? 'iHS 
COPY TO PRIHTER? jjn @ 

SYSTEM; 1 .sh :.77 •••lie.urtr 


r ,') ■rm:i hrtch cplihlisher? M'Ifirtii r i 


C7?> PRIHT FOR HRTCI l C IHUE; R ’ -R 5' ) 
£: •IHCUJIiE OHE COUJI II I CFILEt iUM4-’ 
3; TRIM(RUTHOR;i+’ J ’+PUELISI-ER? 
4? PUl!HO+-' •■•M PIJ3IlR^■•■' -1PIJ3YR+’ j 

5: libhuh.i1hde:-::i 

t.: SORT OH .••FILEHUM-' 

7: l•^IDT^N•30 SPRCIHG-E' LIHES-60 
S: HOPRGE 

?:■ TO .-•.lib.repi:y;i ! 

SORT COMPLETE 

P.R:*: RECORDS RERD FROM DRT. 

6 RECORDS PRIHTED. 

systeBT^ 


RHD HRTCH (PUBLISI-IERj R'IRRTIH’ ) 

' 4 T I TLE 1 j TP, I M C T I TLE£ ') - 

’ 4-TRIM CCOHTRRCT) 4 ’ j " 4.TRIM (DOCI 1 UM:i 4- 


NOTE: 1. 


If response is V, a title is asked for to be printed 
at top of each output page. 


2. If response is N, the references will not be sorted, 
and output will be given in same order as references 
are stored. 

3. Input here the desired data field from Table 4-1 for 
which references should be sorted. 

4. If response is Y, the retrieved references will be 
printed on Corn-Share printer at Ann Arbor, Michigan; 
otherwise they will not. In either case, retrieved 
and sorted references will be output to /LIB. REP File. 


Ot ^ 


Figure A3-2. Example Bibliography Sort/Retrieval 
Computer Run Long Output Format 
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system; gem /PROG 


BDEIMG LIBRARY SEARCH PROGRAM 


TITLE? hO 

SEARCH EMPRESSIOH: MATCH c lMDEK? -• 4 . 4--> AMD F'UBYR EQ 

SORT? M.O 

PRINT MI BE FORM? H_ 

COPY TO printer? nO 
SYSTEM: 1 » ♦€:?? •■-LI E. DATA 

C77> PRINT FOR MATCH <INriE:«:5 -■ 4 , 4-’> AND PUBVR EQ MOR 
£: INCLUDE LINE1=TR1M CTITLEl':' + - -■+TRIM CTITLEE.) -t--* 
3 : FILENLiM CM 72> 

4 ; WIDTH=8i:i NOPAGE SPACING=1 
5 : TO '-.LIE.REP CY:- ! 

633 RECORDS READ FROM DAT. 

3 RECORDS PRINTED 
C77> SYS 
SYSTEM: 


MOR 


C ■■■?£'■ j i- 3-‘ 
j ■■•+piJBMO-f 


’ 4 -‘> 


-'74'‘j 

.-'-■•+-PUBYR + -' !• 


'■ + 



NOTE; 1. If response is Y, a title is asked for to be printed 
at top of each output page. 

2. This response asks for references not to be sorted. 

They will be listed out in same order in which they 
are stored. See Figure A3-2 for example where sort 
is requested. 

3. If response is Y, the retrieved references will be 
printed on Corn-Share printer at Ann Arbor, Michigan; 
other wise they will not. In either case, retrieved 
and sorted references will be output to /.LIB/REP file. 


Figure A3-3. Example Bibliography Sort/Retrieval 
Computer Run Short Output Format 
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3.0 (Continued) 

be able to perform most of the data searches commonly required of the 
bibliography program. In the first example, all the reports pertaining 
to "Wash Water Processing" (index code 4.5 in Figure Al-l) which were 
written by Martin Marietta were retrieved, sorted in order by reference 
identification number, and printed out in the long format. In the second 
example, all the reports pertaining to "Laundry" (index code 4.4 in Figure 
Al-l) which were published after 1972 were retrieved and printed out in 
the short format. 
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SECTION 4 

PART I - NUMERICAL REFERENCE 
LISTING 
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0001 - EUP^QPEAN SPACE RESEARCH ORGAnUaTIOH SPACE SHUTTLE-SPaCELAB DISCU 
SSIONSi i 04/l7/73> NASA-JSC 


0002 - SPACE SHUTTLE SYSTEM SUMMARY# ROCKWELL DOC* SCV73“4S(R), 07/00/73 
# ROCKWELL 


0003 - SPACE shuttle SYSTEM TECHNICAL REVIEW# ROCKWELL DOC* SSV73-26# 04 
/l6/73> ROCKWELL 


0004 - SPACE shuttle PROGRAM REVISED CABIN STUDY# ROCKWELL DOC* SSV73-13 
# 03/13/73# ROCKWELL 


0005 - ORBITER VEHICLE END ITEM SPEC* FOR THE SPACE SHUTTLE SYS.# PART 1 
# PERFORMANCE AND DESIGN REQUIREMENTS# SPEC* NO* MJ070-0001-1 # 12/07/73# 


0006 - space shuttle system definition HANDBOOK# INTEGRATED VEHICLE CONF 
IGURATION 4# ROCKWELL DOC* SD72*»SH»0068 A# 07/23/73# ROCKWELL 


0007 - ORBITER DEFINITION HANDBOOK VEHICLE CONFIGURATION 4# SD72-SH-0071 
A# 07/23/73# ROCKWELL 


0008 - REQUIREMENTS-DEFINITION document environmental CONTROL AND LIFE 8 
UPPORT BOOK 6# SD72-SH-0106# 01/31/74# ROCKWELL 


0009 - memo# minutes of the JSC PAYLOADS COORDINATION MEETING #46 - FEBR 
UARY 25# 1974# # 03/01/74# NASA 


0010 - memo# minutes 'of JSC PAYLOADS COORDINATION MEETING #42- NOVEMBER 
26# 1973# # 00/00/00# NASA . 


0011 - space shuttle SRR payload accommodations RiO status# # 11 / 01 / 73 # 
NASA 


0012 - space shuttle SRR PAYLOAD ACCOMMODATIONS RlO STaTUS Af<D RESULTS T 
0 DATE# # 12/05/73# NASA 


0013 - SPACE SHUTTLE AND SPACELAB DISCUSSIONS# JSC-09001# 03/22/74# NASA 
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LlCAfljNS* vuL* lit APPENDICES* 05/73* 13**9 

WATEN .<£CuvE«Y OY V«P0P PYROLYSIS* 06/70* 006S 


WATE;< •vSC.'iVE.^Y BY VAPCK PYROLYSIS* 00/70* 1350 
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<».fc hIC><JLlAL CONTROL 


IrrEUlATt: ajjC FciTunL. challenges to contamination Control TECmNJLCGY# 00/ 

Lift 1113 

rA:.# MIS t\vlR0r4ilEt,l/ Ano Ml(:«<CBlOLOGlCAL problems OF LO' G*‘TErm P.pACEFLl 
CmT# 0:i/t7> ^O'aa 

rlc ?OOIO lCGICAL criteria FOR aerospace ROTaBlE kaTCR systems^ 09/67* 019 
b 

rif R'.BIOLOGICAL STuOICS os a water MA'^AGEmEnT SJBSySTEm for manned space 
FLIGmT/ i0/6ts* C112 

potable «aTER bactericide AGEnT development* 07/72* 019*1 


preliminary lESIg* oEvFlnpmEnT OF MOjSE<EEp I ijG SySTEmS FOR mANnEq Sp 
ACECRAFT-CUnCEPT tradeoff report* 09/71* 0160 

RESIDJaL water uACTEricIDE monitor development PROGRAMi 03/73* 0167 


water MA-nGEtlENT FOR ExTEm3EO»*OUR AT I Q ^ MAnnEd SPACE mIsSIOnS* 00/71* 008 
C' 
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A T.«tJtETlCAc STUUY OF InTE^whaSE MASS T.^A<(SF£?* 00/‘J3> 1381 
CLOrt4ri3 A'iJ CLIMATti 00/6A# 1364 
diffusion POLY^E«S^ 00/63* 1359 

E3uIpiu''H‘ FOrt TrtE COnTI JuOUS D-<YINC OF TmIN MATCi,lALS In An InEj^T FLUXOI 
Z£J LAYE-?/ Ow/62# 1362 

£vA(»j^lTljN and surface STrjcTU»^E OF LlQUlOS# 00/49# 1333 
forced VA»0RIZATI0N of wATFr# 00/65# 1357 


FORCEO Vaporization of water* oo/65# 1371 
FRcEzE-OKYING of foods* 00/62# 1374 

C-189A gEnEnalIZED EnvIRONhE-.TAL-ThERMAL conTkol A\o life support system 
s CD''PuTEK program# 09/71# 1104 

hEaT 5 mass TrAnSFE'J of moist CAplLLARY-PDROjS BODIES wITh LAmInAR 5 TuR 
CuLE'.T HEmTEO RaREFIELD gas clows# OC/73# 1353 

hCat And TASS Transfer wiTh Transpiration cooling* oo/ 63* i3t7 


mE».T AvO ‘ASS Tra .sFEr bETnCEn AN EVAPORATIVE InTErFaCE IS A POROUS mEoI 
UK A* 0 A:, F.xTERnAL GAS STREA‘1* 01/67# 1366 

lEaT And I. ass Transfer DUR1..G LiQJlO EvApDRAlIos FROM pOROuS materials# 
CC/b7# 13r#0 

>EaT anj5 ,-,aSS TrAnSFEp IN a TuRBJLEnT BOUNDARY LAYER Of. A pEi.ETrablE 8UR 
FACE# CO/72# 1355 

»*EaT# mags# and momentum TRA.sFER# 00/61# 1352 


1NTE!*FaC1aL resistance to Evaporation'# 00/62# 1368 


INT«oJUCT40>. to FluIO mECMA-vICS and hEaT transfer# 00/69# 1358 


MASS ExCma # oE In T^E CC.vEcTION ORyINC CF FABRIC wITh TmE CmpL0Y“EnT OF 
I.O/ZlE BLJ«1..G# 01/f>3* 1380 

MASS TRA,G^ER AT lO-< pressures# 03/57* 1382 
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MOldTvJ‘<C l*a TLXTIlT.S* 00/60# 1363 

MOlSrjKE T.<A:i£FER M FORCED CONVECT 10*1/ 0 a/65> 1369 

>*-HYr#/CAL .'•'F.TiiuDS OE INVESTIGATING TEXTILES^ 00/59# 1365 

SO E I -(RNJvE.^cnTS tj T^E Theory of TmE SUOI^.ISEO evaporative interface w 
I fM Ai*PL/CAriO . TO DRYING/ OU/67# 1361 

STuolEs I, a iASS Transfer bETwEEw hot jet of air and nOIST CJkFacES/ 00/7 
2# 1 iSH 

STJOV OF A Hji^IOlTY. se nsing ?*EThOD FOR dETERiInInG End'poInTS In TEXTILE 
OJYING OHERaT IU'<S# 02/6^/ 1370 

SJRvKY of ThE EOUaTION CF state and transport PROPERTIES OF hOlST CASES/ 
00/63# 1372 

The LA-M .An AnO TjRBJLEnT 30JNDARY LAYEc EOJaTIOnS A».0 ThEIR application 
TO hJ/.IoIFICATION ano 0Ehj:iIDIF1CATI0n processes# OC/65# 1356 

ThK SU'JLUaTION of granular SOLlOS# 00/61# 1373 


D2-118561-1 


•J.3 DFr-iijTY enuiPMEM 


an EvAlJATION or ThE CxEr-oEnIE exerciser A.iO the COLLINS pEjAL MOOE Erq 
OMETEK For DEvELOPT’O physical Flfs’EsS/ 00 / 0 *)> 1017 

ASfR.r^AtjT zEhO cRAvITy pErfO »HAj;cE Ev*LU*TIOs program* FInaL STUDY REPOR 
T* YuLjr.C Ht OETaILEO TECHNICAL REPORT/ 11/70/ 007l 

COf.TtUCT E.jC item SPEC^ PART 1 S 2 PEpfORmarcE-DESIGn pRCOUCT CONFIG AnO 
ACCEPTa iCE TEST REOl I REdEr, fS FOR SKYLAfl OFF-OuTy aCTIvUiES EquIPmEnTa 
10 / 71 / 02 Y 3 

eFFtCTS OF MoSiC ON WOM< PERFORMANCE/ 01/68/ 0128 


Extreme factors in long spaceflights and hEalTh requirements of spaceshi 

P CREPrEi- kERS/ CH/67/ 1096 

HAIJI TAblLlTy DATA HAnOUOOK- VOLUME 1-MOBILITy ANO REsTrAInT/ 07/71/ 0181 

% 


HAalTAblLlTY SySTEm Ei.viRON.rErjTAL REquIrEmEnTS AnO DESIgn GUIOElInES FOR 
GROUP STABILITY/ Ofa/71/ 0192 

MABlTAftltlTy technology SEcTION ThrEE QI-EnSIOnAL mOC<UP PROgRAm FOR 197 
0 6 1&71/ 01/72/ 1107 


manosoox of Engineering design data for rEducEd gravity conoitiqns* oo/o 

C/ 1109 

LIFE SUPPORT/ 01/69/ 1123 


LIFE Support for large space stations/ oz / 70 , 1126 


LIFE sustenance SYSTFMS FOR SPACECRAFT/ 02/67/ H2« 

matrix CPS REC0NC1L1aTI0N’-0FF-0UTY activities EUuIPmENT/ 06/72/ 00«6 


MISSION rEnuirEmEnts Analysis and sjbsystems-spacEcraft selection vol 2/ 

C6/73/ 1148 

mSFC SxyLah orbital WORKSHOP- VOL JME 3/ 05/74/ 0297 


PACKAGING PAOCEDURE FCf» SKYLAB 28-DAY CLOThInQ MODULE AND CCnTINqEnCY CL 
GThIvC hdOuLC/ 05/73/ 1167 


CUALIFJCaTiOn test RCPuRT FOR SKYLAB OFF-DJTy CALCULATOR Kll/ 04/73/ 015 
1 


GuALTFICaTH);, test rEporT fOR SKYLAB pErSDMAl mYqIEnE EOuIP^EnT ANO OFF* 
duty ACTIVITIES EGUlPMLr.T/ 10/72/ 0163 


report CF ThE InvEsT IGaT IOn CF GROCERY TYPE FOODS IS OrBIT anD RECREaTIO 
NAL SYCILNS In ORBIT/ AAP PAYLOAD INTEGRATION/ 06/69/ 1224 
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6KVL4B UHtn^TlONS H^NDbOOK- VOLU*lK l*SYSTk:1 0£SC^IpTIOf<S/ 01/7?« 0P83 

SOI At<-PO*.Ci<CO SPACE station OCFInITIo >i-vOL a-MISSlO‘,' OpEraTIoSS-PAYLOAOS 
A'iALYSlSiPT 2-P.ISSlON OPF.R ANALYSIS/ 07/70/ 1351 

solar“po..EkCo space staticn definition/ VOL 3/ Subsystem definition* par 

T 1 -ENV IftOtJ.MtNT AL COfiTFOL AND LIfE SUPPORT/ 07/70/ 1265 

SPACE station life support system DEFINITION/ 07/71/ 1286 

* % 

space station- habitability OESIG'J/ 00/00/ 1383 

STanOAMO NAf.-SYsTEM .design CRITERIA FjR HannEO DrBiTING PaYLuadS/ 08/74/ 
0P.U4 

STaTjS REPORT ON SKYLaB PROJECT/ 00/73/ 1204 

The pROBLEh of sleep and its limitations during prolonged SPACEflIGHTS* 

04/72/ 1316 
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5>1 AUDIO 

erf--EcTG OF MUGIC ON WO(<K PERFORMANCE* 01/6^* 0\ZA 

FA ilLl ARI/aTION manual FO^ T‘«E SKYLAO OFF-OJTY activities EOlIPMENT* 02/ 
72 * 0046 

5.2 VISUAL 
No references. 
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CXEKCISe 


u'„ Evaluation or the efpects of bEd rEst/slEep oEp!»ivATioNi^oiscoNTiMUAN 

CE OF TkaInInC on The phyKICAL FITnESO of highly trained young MFNi OB/7 
3 « 01&)2 

AH EvALUATIO*. of ThE ExEw-nErilE FxEncISO>» & THE COLLIHS pEdaL hOqE ErqOM 
ETE,< FGH developing PHYSICAL F I TnECU-F I L'AL PhOOHESS rEpOhT/ 03/73# 0094 

ENERGY REOUIREPEnTS OF HAn LIVInO IN A WElCHTLESa EhYIROnPEhT# 07/71# 02 
?4 


FAHIlIaRIZaTION manual for the SKYLAB off-duty activities EOuIPmEnT# 02/ 

72# 0096 

LOi.G-DuRATIOS ExERCIsE AT MODERATE WORK LOADS# 05/71# 0130 
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6.J .'•itDICAL 

A filO'.COlCAL PMOGf<Al FOH ExTtiiOCO SPACE hISSIOnS* 05/69/ lOOl 
A MICROBIAL GUKvEILLanCE SYSTEM/ 00/68/ 1002 

A-. EVAlJaTIO.. CF ThE FXER-GF’.-IE EXERCISFR A’io The COLLI’JS PEoal hooe Erg 
OmETE* F:jH OEvELOPI'-G physical FlTNtSS/ 00/00/ 1017 

ASTRO'.'AJT /FRO gPAvITy PERFOMHAi^cE EvaL’JATIO‘J PROGRAM- FINAL STUDY REPOR 
T/ VOLJMt ?> detailed technical REPORT/ 11/70/ 0071 

biomedical engineering TASKS/ FINAL REPORT/ 12/72/ 1033 

design certification review Inflight mEoical Support system/ 08/72/ losi 

efficiency or STERILIZATICn by making use of ethylene OXlOE AND methyl b 
ROmDdE MIXTURE/ 05/60/ 0292 

Energy REOuIREmEnTS of man living in a weightless environment/ 07/71/ 02 
PA 

Extreme factors In long SPACEflIghTS and mEAlTh requirements of GPACESHI 

P CRER. '.EMBERS/ 04/67/ 1096 

extreme factors In long-term spaceflights AND HEALTH REQUIREMENTS OF SPA 
CESHIP CkEwmEMRERS/ 09/66/ 0271 

GAS analyzer- final REPORT/ 09/70/ 0076 

habitability DATA HANDBOOK- VOLUME 1-M031LITy AND RESTrAInT/ 07/71/ 0181 

habitability system Environmental requirements and design guidelines for 
GROUP stability/ 08/71/ 0192 

manobjok of Engineering design data for reduced gravity conditions/ oo/o 

0/ 1109 

life sciences directorate SKYLAB medical REQUIREMENTS/ 11/73/ 1124 
LIFE sciences OIRECTCRATE SKYLAB MEDICAL REQUIREMENTS/ 04/73/ 11?5 
LIFE sustenance SYSTEMS FOR SPACECRAFT/ 02/67/ 112s 

MEDICAL REOuIKEmEnTS In SUPPORT OF LONG DURATION MANNED SPACEFLIGHT/ 11/ 
67/ 0218 

mSFC SKYLAft URBITaL WORKSHOP-VOL JME 3/ 05/74/ 0297 
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PKEOPLl VKi«y acceptance TEST PNOCEDJ lES THERAPEjTIC KIT FC)(< TmE 9<YLA0 PR 
CGfitAYi 1183 

PREDElIvEky aCCEpTa'JCE TEST PROCEDURES OISIyfEcTaNT pAO 5 PHISDHFX INFLI 
CrU ^ColCAL SOPPCWT SySTEn FOR T hE SkYLAB PROOTAmS# lO/Tgi Hf-A 

prejflivfry acceptance test Procedures incjbaTor RaC< alsenoly inflight 
medical SumPDRT SYSTE:i for the SKYLAO PROQRA'1# 10/72i 1186 

PkEDELIVFRY acceptance TEST PROCEDURES I CRCfl I DLOGY KIT INFLIGHT MEDICAL 
SUPPORT system for ThE SKYLAQ PROGRAM* 12/72* 1187 

PMEDEcIvEmy aCCEpTa*"CE TEST PROCEDURES MICROSCOPE kIT INfLIGHT mFDICAL 9 
IjPPORT SYSfEri FOk THE S<YLaO PROGMAi* 10/72* 1188 

PPEDElIVFRy acceptance TEST PROCEDURES RESJPPLy kIT INFLIGHT mEdICAL SUP 
PORT system for The SKYLAB PPOGRAM* 09/72* 1189 

PREOELJvEry acceptance TEST PROCEDURES-BasOAqE K I T- 1 t.FL I GHT mEOICAL SUPP 
OttT SYSTE:i FUR TmE SkyLAB PROGRAM* 06/72* 0120 

preoflivery acceptance test PROCEOURES-DI agnostic kIT-INFLIGhT mFOICAL s 
UPPOHT system for the SKYLAO program* 12/72* 0119 


PNEDElIvEky acceptance test PROCEOURES-mINOR SuRqErY 
L support system for ThE SKYLAB PROGRAM* 06/72* 0l2l 

kit 

-Inflight mEdica 

preinstallation 

./72* 1190 

acceptance 

IfJSPEcTlON 

procedures 

FOR 

ThE 

bandage kit* 04 

PREInSTALLaTIOH 
08/72* 1191 

acceptance 

Inspection 

procedures 

FOR 

ThE 

diagnostic KIT* 

preinstallation 

12/72* 1192 

acceptance 

inspection 

procedures 

FOR 

ThE 

diagnostic kit* 

p>»E I, .'Spallation 
* 12/72* 1193 

acceptance 

I'iSPEcTION 

procedures 

FOR 

The 

Therapeutic kit 

PREInSTalLaTIOM 

acceptance 

inspection 

procedures 

FOR 

THF 

resupply kit Inf 


LIGHT medical Support system for ThE skylab program* ob/73* iisa 

PREI'.STALLATIOrg ACCEpTArjcE TEST PROCEDURES FOR ThE InCUBaToR-WORK STaTIO 
\ MODULE* 07/72* 1136 

PPJBLEm.S of space b1 LOGY* -VOLUME 16* 00/71* 0033 


SHUTTLE CRYCGEf.ICS SUPPLY SYSTEM OPTIMIZATION STuOy VOL 5* CRYOGENIC COO 
Lif.’G Ig E:.vIRCNmEnTAL COnTrOL SYSTEMS* 06/73* 1253 

SKYLAli medical requirements (APPLICABLE TO 3<YLAB A)-L1FE SCIENCES OIREC 
TORATt* 11/73* 0162 

SRYLaJ operations HAfJCbGOK- VOLUME 1-SYSTEM DESCRIPTIONS* 01/72* 0233 


STA’.'DARO man-SYGTEm design CRITCrIa FOR MANNED ORBITING PAYLOADS* 03/7A# 
02-JA 
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SKYLaH medical |•^EOUIKEntNTs (APPuICAflLE TO SKYLAH A)-L1FE SCIENCES DIREC 
T09ATL’# 11/73/ 0162 
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6.2 P!lCPAQATIO\i PHESEKVATIJNi AND RETRIEVAL EQUIPMENT 


pnedeli very acceptance test procedij^^es for TmE incubator-wok< station as 

SEmULY-InFLIuMT nEOlCAL SUPPORT SYSTEM FOR THE SKYLAQ PMOORAfi# 10/72i 00 
•iH 

OKYLAB medical REQUIpEmEnTs < APPLICABLE TO SkYLAQ A)-LIFE SCIENCES DIREC 
TCtUTC. 11/7J. 0162 

SK^LaB pmoGRaM design CERTIFICATION REV lEW-VoL'JME A# GOVERNMENT- FURNISH 
feO CoUIP.-iEnT-InFLICHT MEDICAL SUPPORT SYSTEM# 06/72# 0l3A 


6.3 RADIO BIOLOGY 
No references. 






• A6-92 




D2-118561-1 


&•<» DlnTISIkY 


PREOFLIVf-fiY ACttPTA:»CE TEST PHOCE3URES-3E*jT AL KlT-IiELlGHT MEDICAL SUPPO 
MT system FOK TmF. S<TLAP PKOG'JAM* 09/72# 0099 

STjJY to OEKInE A\0 verify THE PERSONAL ORAL HYGIEnE REQUIREMENTS FOR EX 
tended Manned spaceflight# 06/72# OlAl 


6.5 MINOR SURGERY 
No references. 
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G-IH9A GE',fe»?ALIZtO Env 1 RONiiE'JT AL-T mCR^AL CONTROL AnO LIFE SUPPORT SYSTEM 
S CJMPjTEr PROGRAM/ 09/71/ 110‘» 
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ELECTKICal-ThERmal lNTE.Gn/.Ti:»\ or dynamic POwEr ano Lire support systems 
rOR KAN.nLO SPACECRArT# 00/65. 107? 

IN,;Ex nr SpCclr ICATICNS* STAfJOAROSi AS)0 publications generated and UTILI 

?EJ mY JSC. U?/73. 1114 
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7. a H£aT pipes 


DEVClOP^ENT Lf A rtEFKiCERATION SYSTEM FOR LJNAR SURFaCE ANO SPACECRAFT A 
PPUICATIOUj {JH/7Z* 1063 

hEaT pipe HAOlATORi 11/73/ 1110 


space SmjTTLE ORBITEH MEAT 
166 

SPaCE shuttle ORBlTER MEAT 

?t 0l6'j 


PIPE aPPLICaTIOSS-VOLJME 1 
PIPE aPPLICaTIONS-VOLUME ?. 


SYNOPSIS/ 04/72/ 0 
final REPORT/ 04/7 
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7*i ULTRaronIC 

DEM.^jSTRAfP feasibility OF THE USE OF ULTfUSO.lC FlLT'UTlo^ 
TmE overflows FROrt CUMUInES AnO*OR STORI SEwERS* 09/67» 1046 


7.3 MICROWAVE 
No references. 


7.4 LASER 
No references. 


7.5 MICROBIOLOGICAL PROCESSES 
No references'. 


7.6 DIALYSIS AND MEMBRANES 
No references. 
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7.7 TMCf^KOELECTRIC DEVICES 


r^EslC'J STJOV cr I\TEc*<aTED life SUPP 0 »»T SYS F0«? aEhOSPaCE APPLICiTTOM UT 
ILIZIVQ i^AUllilSriTOPES F0'< TmEK^AL E\E’7GY. FI.AL REPOPT# 03/6:I« 1056 

ELEcniCAL-TMtRRAL INTEGRATION OF DYNAMIC PO.jEr AND LIfE BuPPOkT SySTEiIS 
FLM MANnCO SPACECRAFT/ 00/69/ 1072 

RAGIaTIO*; oxidation of hATER IMPURITIES IN MOI sTuRE-COnT A InInC PRODUCTS 
OF MAN'S vital FUNCTIONS/ 01/73/ 1214 

AuinisoTOpE Thermoelectric space generator parametric study/ os/63/ 121 


SURVEY OF potential USE OF NUCLEAR EnEROY IN WASTE WATER TREaTmEnT/ 06/S 
8/ 1310 
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7.8 Fuel cells 

MECEnE^ATIvE fuel cell study* 12/72* 1220 


7.9 ELECTROPHORESIS 
No references. 

7.10 LIGHT PIPES AND FIBER OPTICS 
No referendes. 
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7*11 SPECIAL iHCKrlAL INSULATION AaO ISOLATION 

Llr.**Tk.ElG»0 evacuated P.ULTIlayER INSULATION SYSTEMS FOR TmE SPACE SHUTTL 
C VEhlCLEi 0ti/73< 1129 

LItiHTMEICMT MODULAR MULTILAYER INSULATION# Oz/71# 1130 

Thermal performance of multilayer insulation# h/ 7?# lais 

THERMAL performance OF MULTILAYER INSULATION# 11/72# l3l9 

thermal performance of multilayer insulation# 11/72# 1320 

thermal pErFOKKAKXE of multilayer insulation# 11/72# 13T21 


thermal performance of multilayer insulation# 11/72# 1322 
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liESlC-^ or A 25 AKPErtF.-MOUR# hEaT-ST£R ILIZ *BLE/ 
cell# 00/70# 1053 


HTGH'IMPACT# SlLVFM*ZlfJC 
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7*13 tanks 

OEVEI.OM-IEnT of a BLAOOERLESS tank for space shuttle# OS/71# 1059 
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7*1<» rlOuITOHlNQ 

ilEUOIX «F quantity CaCING TEST/ 03/73/ 1026 

CHC’LCSTEkIC liquid crystals and their application TO SPACE TECHNOLOGY^ 0 
8/6»/ 1035 

oEvELCPHEnT of a LaBOPaTORY prototype water quality monitoring system su 
ITABLE For use in /EUO G/ 01/73/ 1060 
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7.15 metal UELLOWS 

EVALJATIOn of kETAL bellows TECHMOLOQY F0f« SPACE SnUTTLt REACTION COMTRO 
L system APPLICaTIO'x# 07/72^ 1089 
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7*\h PILTERS 

ACC£I*TA\CL test for Lh OXYGE:4 BACTERIA FILTERj 03/(,&t lOlO 
bacteria filter* water ECS* 07/68* 1025 

fiEtiE .ER*T1 vE particulate FILTER DEvELOPMEnT-F I N AL rEpOrT* 05/72/« 0168 


report of test on bacteria filter* water* 12/67* 1223 
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7.17 CRYOr.E;^IC COOLING 


analysis Ar;0 TEST 0^ A OREaoBOARO CRYOGENIC hYoPOGEN-FrEON HEAT EXCHANGE 
R« UA/73. 1018 

COOLING Ai.O chilled WATER SYSTEMS FOR ENVIRONMENTALLY CONTROLLED AREaS# 
12/6S. 1041 

SHjTTLE CHYOcEfjICG SUPPLY SYSTEM OPTIMIZATION STuDy VOL S* CRYOGFNIC COO 
LING l:< environmental control systems* 08/73* 1253 
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7*18 seals 

SbALL hIGm speed SEAL TECH.nOLOGY# 1(J/73# 126<» 
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7«14 SULA«i COLLECTCH 


L*rtJ«<ATOKY ANALYSIS SUBSYSTEM TECHNIQUES TOR FLUID HANDLING IN ZERO QRAV 
ITY# C2/70# 1121 
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7»aO VALVES 

C0\T* IINaTIOi. Av01DAt*CE DEVICES TOi^ PDPPET- TYPE ShUTOFF VALvES* 01/73a 
lOAO 
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7»21 SPACE RAOIATOWS 

0EvEL3P«E!iT OF A MODULARIZED RADIATOR SYSTE*1# 02/7?* 1061 
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7t22 RerHIGEHATlON 

SPACr shuttle ORBITEk rECHANiCAL REFRIcERATIoM SySTEk* progress report# 
01/7P# li»7A 

THERrOOV'^AhlC analysis OF ThE MALAkER XV MINIATURE STIRLING CYCLE REFRIQ 
ERATO.t# OO/CO# 1323 

THERMOELECTRIC REFRIGERATIOM# 00/6A# 0256 
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